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Foreword of the series editors 



Regional science has celebrated its 50th anniversary as a scientific area and a scien- 
tific network. We take this opportunity to have a look back at the formation of the 
research community in the field during the five past decades, but also at ten years 
of publication activities in the book series Advances in Spatial Science. 

During the past fifty years the research area of regional science has proved to be 
a lasting part of the science production system involving a global network of centres 
of research activity with the nexus on the region as an object of inquiry. This network 
works as an arena for research of global scientific quality in a field where standards 
from different scientific disciplines will merge. The scientific output within the 
regional science field is ample and of high quality. The number of scientists who are 
active in the field continues to grow and a complex web of seminar and conference 
activities belongs to the field. There is a strong link between the science production 
in the field and teaching in university programmes worldwide, and the link is also 
strong between the scientific output and public policy. The current volume gives an 
excellent overview of these developments, being a retrospective, assessment and 
prospect at the same time. 

In the main, the ultimate quality assurance system is constituted by the refer- 
eeing process for the scientific papers, and for the book publications, coming from 
the field. As one element of this system, there is a coalition between the science 
producers in universities and the science distribution actors in the publishing sector. 
Science publishing companies have emerged to playing a more and more important 
role as actors in the globalisation of science production. Publishers like Springer 
have an important role in this context for science internally, but also, in a field as 
important and pertinent for policy-making as regional science, for the scientific 
knowledge base for societal decision-making. 

The Springer book series on Advances in Spatial Science is one of the elements 
of this science production system. It has been there for ten years now and has es- 
tablished itself as playing an important role. The constitutional meeting of the book 
series took place at the European Congress of the Regional Science Association 
International in Groningen at the end of August 1994. At the end of 2004 as many 
as 43 volumes will have appeared in the series. A steady flow of some four or five 
books per year during the decade means that the series is the largest one in the field. 

One of the novel ideas of the book series was that a group of editors would be 
selected within the global network of senior scholars with an overview of the pro- 
duction in the regional science field. The idea was also that the series editors would 
have a long-term commitment to the series. This has turned out to work. Among the 
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founding group of researchers only one scholar, David Batten, has stepped down af- 
ter having contributed actively to the editorial work for a considerable time period. 
Recently, Luc Anselin has accepted to join the group of editors. 

The publication policy of the book series is to publish monographs of theoretical 
and applied research in regional science, state-of-the-art volumes in areas of basic 
research, reports on innovative theories and methods in regional science, and tightly 
edited reports from specially organised research seminars. 

Ten of the books in the series have been monographs written by one or several 
authors, while the others have been edited volumes. Some ten to twelve books in the 
production can be seen as state-of-the-art volumes, some thirteen to fifteen volumes 
are innovative contributions to theory and method, and some sixteen to eighteen 
volumes can be seen as tightly edited collections of papers presented at specialised 
research seminars. There is thus balance between the areas stated in the publication 
policy. 

Seven of the books in the series have been authored or edited by one person 
while seventeen have been authored or edited by more than two persons. In many 
of these cases the authors or editors come from different university environments, 
and from different parts of the world. The prevalence of joint authorship and joint 
editing demonstrates the global network character of the research work in the field. 

The book series Advances in Spatial Science has the aim to contribute to the 
advance of regional science. The decision to publish the current volume in the 
series is therefore self-evident. The achievements of the field should be presented 
in the book series as a further token of the establishment of the field, and as a 
signal of continued priority of the field as an important publication activity also 
for Springer. In fact, the current book includes a manifestation of the long-term 
advances in the scientific field of regional science. Based on a special issue of 
the Papers in Regional Science, the journal of the Regional Science Association 
International also published by Springer, the book has resulted from a scientific 
assessment project involving regional scientists worldwide. Therefore, the series 
editors have been very happy to accept the enlarged special issue of the journal as 
an important contribution to the series Advances in Spatial Science. 

An important reason for the success of the book series Advances in Spatial 
Science has been that Springer has provided continuous strategic support for the 
idea of the series combined with professionally skillful editorial work. The key actor 
behind the success is Marianne Bopp who has made remarkable achievements to 
produce and promote the series. We would like to take the opportunity to express 
our deepest personal appreciation for having had the opportunity to work with her. 



Luc Anselin, Urbana, USA 
Manfred Fischer, Vienna, Austria 
Geoffrey Hewings, Urbana, USA 
Peter Nijkamp, Amsterdam, The Netherlands 
Folke Snickars, Stockholm, Sweden 
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This book contains the complete text of the special Golden Anniversary issue of the 
flagship journal of the Regional Science Association International (RSAI), Papers 
in Regional Science (Volume 83, Number 1), as well as the full text of Walter Isard’s 
Presidential Address “The future (near and far) of regional science”. Professor Isard 
originally delivered the speech in a special plenary session of the fiftieth North 
American Meetings of the Regional Science Association International. The session 
began with a ceremonial kickoff to the year-long celebration of the multidisciplinary 
field’s first 50 years. At the ceremony, held on the morning of Friday, November 
21, 2004 at the DoubleTree Hotel in Philadelphia, we presented Walter Isard, the 
founder of our multidisciplinary field, as well as Antoine Bailly, the President of 
the Regional Science Association International, and David Boyce, the Association’s 
Archivist, with commemorative first copies of the anniversary issue. 

This book, entitled Fifty Years of Regional Science, consists of a compendium 
of “thought” papers authored by a representative sampling of some of the field’s 
leading scholars. For the special journal issue we originally titled the collection: 
“The Brightest of Dawns”. On the one hand, the large-scale collaborative project we 
oversaw to commemorate the half-century birthday of the founding of the Regional 
Science Association was a retrospective: an in-depth assessment of the enormous 
intellectual progress that had been made in interdisciplinary regional and inter- 
regional research since the first ever regional science conference was held in Detroit, 
December 27-29, 1954. But just as the dawn brings with it the promise of the new 
day lying ahead, we also charged the selected authors with assessing both the current 
status and future directions for research within their specialty subfields. 

Included in the book is our original introduction to the Golden Anniversary Issue 
of the Assocation’s official journal. There is no need to repeat here the background 
information contained in that introduction about how the project was conceived 
and completed. Instead, we would simply like to thank those who have made this 
book edition possible. 

From Springer- Verlag, our sincere thanks go to regional science editor, Katha- 
rina Wetzel, for her patience and understanding; to economics area editor, Werner 
Mueller, for his strong support for the project; and to past regional science editor, 
Marianne Bopp, for cultivating such an outstandingly successful long-term collab- 
oration between Springer- Verlag and the worldwide regional science community. 
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We also wish to thank everyone involved with current and recent RS AI organisa- 
tion, especially new executive director, Graham Clarke, and past executive director, 
Kieran Donaghy. Without their belief in and financial support of the Golden An- 
niversary project, we would not have been able to complete this ambitious venture. 

Raymond J.G.M. Florax 
David A. Plane 

Tucson and Amsterdam, August 2004 




Preface 



The Regional Science Association International, which was founded in 1954, is 
marking its fiftieth anniversary by organising a year-long celebration linked to the 
cycle of supra-regional and world congresses, beginning with the Fiftieth North 
American Meetings to be held in Philadelphia in November 2003. The fiftieth 
anniversary provides an excellent opportunity to celebrate the significant amount 
of progress that has been made in establishing regional science as a stimulating 
and worthwhile field of intellectual activity. A whole series of conference sessions 
and other events will focus on what has been accomplished and, quite properly, 
recognise the contribution of particular individuals who have helped shape regional 
science. 

It would be wrong, however, to see the anniversary as purely a retrospective 
occasion, tinged with nostalgia and aimed largely at an older audience of regional 
scientists. A major element of the anniversary celebrations will ensure that there 
is a self-critical assessment of our research priorities and of the way in which we 
organise our Association. We need to be forward-looking and ambitious, constantly 
seeking new challenges and reaching out to communities of researchers who may 
never have considered what our field has to offer. The 2004 World Congress, in 
Port Elizabeth, South Africa, promises to be an ideal opportunity to realise some 
of this potential. 

This Golden Anniversary issue of Papers in Regional Science is arguably the 
most important project we have embarked upon. Conferences, workshops and sum- 
mer institutes all have their place but, long after they have been forgotten, it is what 
is published that matters and lasts. Among the various regional science journals, it 
is Papers that provides the best permanent record of advances in theory, method, 
policy development, argument and debate. I think the editors of this special issue 
are to be congratulated on assembling such an impressive array of work, and for 
organising the writing of the papers in a way that takes full advantage of the inter- 
national network of scholars that makes up the Association. In fifty years’ time, it is 
this collection of papers that will be remembered and used as a benchmark against 
which to measure progress. 

The Golden Anniversary issue also contains a wealth of factual information 
about the development of the Association and of the journal itself. Each of us 
will have a different perspective on this. For myself, and perhaps for others of my 




4 



Preface 



generation, Papers in Regional Science has had a formative influence. As a graduate 
student in urban planning, it was Papers that first opened my mind to the benefits of 
an inter-disciplinary approach, and to the research questions that this prompted. As a 
young researcher, it was Papers that accepted my first submission to an international 
journal. And later on, as I became more involved in the Association and took on the 
role of editing the European volumes, it was Papers that contributed significantly 
to my education as a regional scientist. One very senior academic commented at 
the time that one of the special privileges of editing a regional science journal was 
the opportunity to read work from across the full range of the subject. Though 
sometimes I might have regarded this as a chore, I can now see the merits of what 
he was saying. The experience did much to strengthen my commitment to regional 
science in general and to Papers in particular as an outlet for the best research. 

Like all good journals. Papers has had to change with the times. In the 1990s I 
found as in-coming President of the Association that we needed a thorough review 
of our publication arrangements. We started by taking the decision to move from 
a university-based operation, which had worked well in the past but was less well 
suited to modem production and distribution techniques, to a commercial academic 
publisher. We reviewed the composition of the editorial board and put in place a 
more professional operation. The editorial team, under Raymond Florax’s leader- 
ship, has worked tirelessly to raise the profile and standing of the journal, to the 
great benefit of the Association. 

To a large degree, it has been the success of these changes to our journal that 
has made us think seriously about the organisation of the Association as a whole. 
We cannot afford to be complacent. The process of reorganisation has already 
begun, with the appointment of a Europe-based Executive Director, Graham Clarke. 
Further changes can be expected as we review the range of services offered to 
members and the role of the Association’s Headquarters. To achieve our ambitions to 
become a bigger, more inclusive world- wide organisation, we need to create a more 
effective operation, fully responsive to the academic community it serves. Only by 
responding in these ways can we ensure the future prosperity of the Association. 

Peter Batey 

Liverpool, July 2003 




Introducing the brightest of dawns: 

Regional science in “Papers” 

Raymond J.G.M. Florax^’^, David A. Plane^ 

^ Department of Spatial Economics, Free University, De Boelelaan 1 105, 1081 HV Amsterdam, 

The Netherlands (e-mail: rflorax@feweb.vu.nl) 

^ Regional Economics Applications Laboratory (REAL), University of Illinois at Urbana-Champaign, 
Urbana, IL, USA 

^ Department of Geography and Regional Development, University of Arizona, Harvill Building, 

Box 2, Tucson, AZ 85721, USA (e-mail: plane@email.arizona.edu) 



1 The first 50 years 

This Golden Anniversary Issue, The Brightest of Dawns: 50 Years of Regional 
Science has been written on the occasion of the fiftieth anniversary of the found- 
ing of the Regional Science Association International (RSAI). The title represents 
our belief that the multiregional field of regional science has now been firmly es- 
tablished. A sound scholarly foundation, grounded in social science theory, has 
been laid. The toolkit of powerful techniques for applied regional analysis is an 
ever-expanding one. And the institutional basis is now solidly established, with a 
plethora of active regional science associations, domestic and international con- 
ferences galore, a host of well-established regional science journals, a number 
of interdisciplinary academic programmes, and numerous prestigious regional re- 
search institutes. Today, regional scientists carry out their craft not just within the 
academic departments of the world’s leading universities, but also in government 
agencies and the business sector. 

It is equally our belief that the glory years of this international collaborative ven- 
ture called “regional science” still lie ahead. More than anything, regional science 
is a very special global network of regional research scholars and practitioners: it 
is a grand 50-year-old experiment that has captured the hearts and minds of many 
people around the world who cherish the exchange of intellectual ideas and friend- 
ship. We think it will be the work of the next generations of regional scientists - the 
bright young scholars just beginning their careers, and their successor generations - 
that will ultimately realise the potential of this field founded half a century ago by a 
small group of visionary researchers assembled together in Detroit. Those pioneers 
thought carefully about choosing an appropriate name for their venture, and even 
about the necessity and potential fruitfulness of forming an association. In the end 
the ‘ . . . motion to organize formally was unanimously approved by the sixty or 
so scholars in attendance’ (Isard 2003, pp. 85 - 86). 
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Table 1. Average volume size per decade® 



Decade 


Number of 
issues^ 


Average 
volume size 


Total number 
of pages 


1955-1964 


13 


354 


3540 


1965-1974 


20 


442 


4423 


1975-1984 


22 


408 


4081 


1985-1994 


30 


403 


4030 


1995-2004 


40 


512 


5119 


Total period 


125 


424 


21193 



® Counting each year as a volume. 

^ From 1962 through 1990 issues were labeled as separate 
volumes. 



It is fitting that a special issue of Papers in Regional Science be the central 
commemorative memento of the Association’s first 50 years. Since the first years 
of formal regional science conferences, this journal, now called “Papers in Regional 
Science”, has been our publication of record. Volume 1 was published in 1955 and 
contained the papers and proceedings of that first regional science conference held 
in Detroit, December 27-29, 1954. This double-size first issue of volume 83 is 
being presented to all participants at the fiftieth North American Meeting held in 
Philadelphia, November 20-22, 2003, as well as to all members of the Regional 
Science Association worldwide during the Association’s 2004 anniversary year. 

Our next step in this introductory article is to give some historical background 
about the journal and provide a full 50-year overview of the production and dis- 
semination of articles published in this journal. We then describe the concept and 
contents of the Golden Anniversary Issue and round out the article with some con- 
clusions in Sect. 4. 



2 Papers in Regional Science 

The history of this journal dates back to 1955, when the first volume of Papers and 
Proceedings of the Regional Science Association, edited by Gerald A.P. Carrothers, 
was published by the Regional Science Association (RSA). Papers, as the journal 
is often called for short, is thus the oldest of all the regional science journals. It 
is also the scholarly publication that has, from the beginning, been provided to all 
members of the international Regional Science Association. As detailed in Table 1, 
since its founding, more than 20,000 pages of regional science content have been 
published in this journal.^ 

^ The quantitative information related to the journal has been generated using an extensive database 
that includes the major characteristics of the journal and its publications going back to 1955. The 
database as well as the tables, maps and figures have been produced by the first author in cooperation 
with Brigitte S. Waldorf. 
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Between 1955 and 1990, sixty-nine issues, each comprising a separate volume, 
were published under the name Papers of the Regional Science Association. These 
volumes contain selected papers, presidential addresses and comments presented 
at each of the international conferences of the Regional Science Association held 
from 1954 through 1989. 

The restructuring of RSA into the Regional Science Association International 
(RSAI) in 1991 was accompanied by renaming the journal Papers in Regional 
Science, The Journal of the Regional Science Association International. The four 
issues of Volume 70 marked the change to a journal no longer exclusively based on 
the publication of a selection of the best papers presented at RSA conferences. Re- 
gional scientists were henceforth “encouraged to contribute articles for publication 
consideration whenever their work reache[d] a stage suitable for formal review”. 
This was in line with the goals set out by RSAI Council “that the association pub- 
lish a refereed, quarterly journal of high standing, bringing together and broadly 
disseminating the best scholarship of the worldwide regional science community” 
(Plane 1991, p. hi). 

During the late 1990s, it was increasingly recognised that it was no longer 
efficient and effective for the Association to serve as the publisher of Papers in 
Regional Science. RSAI Council, guided by its then President Peter W.J. Batey, 
speculated on economies of scale, increased scholarly status, wider circulation, 
and the like, that might be gained from shifting to a commercial publishing house. 
This shift took place in 1999, when Springer- Verlag started the publication of a 
fully redesigned Papers in Regional Science. Apart from the change in appearance, 
beginning with volume 78 the journal was also reformatted to contain a section of 
full articles, a research notes and comments section, and a book review section. The 
Editor-in-Chief expected the commercial re-launch of the journal to contribute to 
continued “high quality, status, and visibility in the interdisciplinary field of regional 
science” (Florax 1998, p. iii). The journal’s size remained approximately the same, 
400 pages per volume, but was expanded in later years to reach 600 in 2003. The 
volume size of this year’s volume, which includes the Golden Anniversary Issue, 
will reach 750 due to RSAI supplying additional financial means to commemorate 
the fiftieth birthday of the Association. 

The editorial set-up of Papers in Regional Science has basically remained un- 
changed since 1991. An Editor-in-Chief directs the journal, and, as was the case 
during the journal’s years as Papers of the Regional Science Association, there are 
editors for each supra-region (North America, Europe and the Pacific). Initially the 
Editor-in-Chief position was a separate position, but in recent years it has been 
combined with one of the supra-regional editorships. Submissions are reviewed by 
at least two, but habitually three peer reviewers, as well as by one of the editors. 
Starting with volume 78 there has also been a book review section with a separate 
editor. Table 2 provides a historical record of the regional scientists who have served 
as editors of the journal since its founding in 1955 as well as a summary of the 
publication formats. 

As the official journal of record of the RSAI (and its predecessor, the RSA), the 
editorial policy of Papers in Regional Science has always been to publish the high- 
est quality research reflective of the diversity of topics pursued by the membership 
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Table 2. Volume number, year of publication, place and year of the conference, and editor(s) of 
the journal Papers in Regional Science 



Vol. Year Conference place and date Editor(s) 



r 


1955 


Detroit, 1954 


2* 


1956 


New York City, 1955 


3* 


1957 


Cleveland, 1956 


4* 


1958 


Philadelphia, 1957 


5* 


1959 


Chicago, 1958 


6* 


1960 


Washington, DC, 1959 


j*a 


1961 


St. Louis, 1960 


8 


1962 


The Hague, 1961 


g*a 


1962 


New York, 1961 


10 


1963 


Zurich, 1962 


ipa 


1963 


Pittsburgh, 1962 


12 


1964 


Lund, 1963 


13 


1964 


Chicago, 1963 


14 


1965 


Ghent, 1964 


15 


1965 


Ann Arbor, 1964 


16 


1966 


Krakow, 1965 


17 


1966 


Philadelphia, 1965 


18 


1967 


Vienna, 1966 


19 


1967 


St. Louis, 1966 


20 


1968 


The Hague, 1967 


21 


1968 


Cambridge, MA, 1967 


22 


1969 


Budapest, 1968 


23 


1969 


Cambridge, MA, 1968 


24 


1970 


Copenhagen, 1968 


25 


1970 


Santa Monica, 1969 


26 


1971 


London, 1970 


27 


1971 


Philadelphia, 1970 


28 


1972 


Ann Arbor, 1971 


29 


1972 


Rome, 1971 


30 


1973 


Philadelphia, 1972 


31 


1973 


Rotterdam, 1972 


32 


1974 


Atlanta, 1973 


33 


1974 


Vienna, 1973 


34 


1975 


Karlsruhe, 1974 


35 


1975 


Chicago, 1974 


36 


1976 


Budapest, 1975 


37 


1976 


Cambridge, MA, 1975 


38 


1977 


Copenhagen, 1976 


39 


1977 


Toronto, 1976 


40 


1978 


Krakow, 1977 


41 


1978 


Philadelphia, 1977 


42 


1979 


Fribourg, 1978 


43 


1979 


Chicago, 1978 


44 


1980 


London, 1979 



Gerald A.P. Carrothers 

Gerald A.P Carrothers 

Gerald A.P Carrothers, William Alonso 

Gerald A.P Carrothers 

Gerald A.P Carrothers 

Gerald A.P. Carrothers 

Gerald A.P. Carrothers 

Walter Isard, Thomas Reiner 

Gerald A.P. Carrothers 

Walter Isard, Thomas Reiner 

Gerald A.P. Carrothers 

Walter Isard, Thomas Reiner 

Morgan D. Thomas 

Walter Isard, Thomas Reiner 

Morgan D. Thomas 

Walter Isard, Thomas A. Reiner, Allan J. Scott 
Morgan D. Thomas 

Walter Isard, Thomas A. Reiner, Allan J. Scott 

Morgan D. Thomas 

Walter Isard, John B. Pan- 

Morgan D. Thomas 

John B. Pan, Walter Isard 

Morgan D. Thomas 

John B. Pan, Walter Isard 

Morgan D. Thomas 

John B. Pan, Jeffrey I. Round 

Morgan D. Thomas 

Morgan D. Thomas 

John B. Pan, M. Cordey-Hayes 

Morgan D. Thomas 

John B. Pan 

Morgan D. Thomas 

John B. Pan 

John B. Pan 

Morgan D. Thomas 

Ian Masser 

Morgan D. Thomas 

Ian Masser 

Morgan D. Thomas 

Ian Masser 

Morgan D. Thomas 

Ian Masser 

Morgan D. Thomas 

PW. Batey 
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Table 2. (continued) 



Vol. 


Year 


Conference place and date 


Editor(s) 


45 


1980 


Los Angeles, 1979 


Morgan D. Thomas 


46 


1981 


Seoul, 1979 


Hirotada Kohno, Rodney Jensen 


47 


1981 


Munich, 1980 


RW. Batey 


48 


1981 


Milwaukee, 1980 


Michael J. Webber 


49 


1982 


Barcelona, 1981 


RW. Batey 


50 


1982 


Montreal, 1981 


Michael J. Webber 


51 


1983 


Surfer’s Paradise 1981 


Hirotada Kohno, David R Batten 


52 


1983 


Groningen, 1982 


RW.J. Batey 


53 


1983 


Pittsburgh, 1982 


Michael J. Webber 


54 


1984 


Chicago, 1983 


Michael J. Webber 


55 


1984 


Poitiers, 1983 


RW.J. Batey 


56 


1985 


Tokyo, 1983 


Hirotada Kohno, David F. Batten 


57 


1985 


Denver, 1984 


David A. Plane, Peter A. Rogerson 


58 


1985 


Milan, 1984 


RW.J. Batey, with the assistance of R.W Thomas 


59 


1986 


Philadelphia, 1985 


David A. Rlane, Reter A. Rogerson 


60 


1986 


Budapest, 1985 


R.W. Thomas 


61 


1987 


Krakow, 1986 


R.W. Thomas 


62 


1987 


Columbus, 1986 


Peter A. Rogerson, David A. Plane 


63 


1987 


Molokai, 1985 


David F. Batten, Hirotada Kohno 


64 


1988 


Athens, 1987 


R.W. Thomas 


65 


1988 


Baltimore, 1987 


David A. Plane, Peter A. Rogerson 


66 


1989 


Stockholm, 1988 


R.W. Thomas 


67 


1989 


Toronto, 1988 


Peter A. Rogerson, David A. Plane 


68 


1990 


Pusan, 1987 


Sung-Woong Hong, John M. Munro 


69 


1990 


Cambridge, UK, 1989 


R.W. Thomas 


70^ 


1991 




David A. Plane, Richard Thomas, John Dewhurst, 
Peter A. Rogerson, John M. Munro, 

Sung-Woong Hong 


71 


1992 




David A. Plane, John Dewhurst, Luc Anselin, 
Kingsley E. Haynes 


72 


1993 




Luc Anselin, John LI. Dewhurst, 
Kingsley E. Haynes 


73 


1994 




Luc Anselin, Folke Snickars, 
Kingsley E. Haynes 


74 


1995 




Luc Anselin, Folke Snickars, Sam Ock Park 


75 


1996 




Folke Snickars, Jean-Claude Thill, Sam Ock Park 


76 


1997 




Folke Snickars, Jean-Claude Thill, Sam Ock Park 


77 


1998 




Raymond J.G.M. Florax, Jean-Claude Thill, 
Jacques Foot 


78^ 


1999 




Raymond J.G.M. Florax, Jean-Claude Thill, 
Jacques Foot 


79 


2000 




Raymond J.G.M. Florax, Jean-Claude Thill, 



Jacques Foot 
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Table 2. (continued) 



Vol. 


Year 


Conference place and date Editor(s) 


80 


2001 


Raymond J.G.M. Florax, Jean-Claude Thill, 
Jacques Foot 


81 


2002 


Raymond J.G.M. Florax, Jessie PH. Poon, 
Jacques Foot 


82 


2003 


Raymond J.G.M. Florax, Jessie P.H. Poon, 
Jacques Foot 


83 


2004 


Raymond J.G.M. Florax, Jessie P.H. Poon, 



Jacques Foot 

Source: Until volume 50 adapted from Papers of the Regional Science Association, Index, 
Volumes 1 through 50, Regional Science Association, Urbana-Champaign, 1984, edited by 
H.F. Williamson Jr, who was the managing editor of the journal from 1969-1998. Starting in 
1999 this position transferred to Marianne Bopp at Springer- Verlag. 

Notes: 

* Title of these volumes: Papers and Proceedings of the Regional Science Association. For 
volumes 8, 10, and 12 through 69 the official name is Papers of the Regional Science Asso- 
ciation. 

® Proceedings are not bound with the papers for these issues. 

^ Starting with this volume the journal is no longer a proceedings of RSAI conferences, and 
is officially renamed to Papers in Regional Science, The Journal of the Regional Science 
Association International, of which the subtitle is often omitted. The journal is managed by 
an Editor-in-Chief (mentioned first in the listing), in cooperation with supra-regional editors 
from Europe, North America, and the Pacific. From then on each volume comprises four 
issues. 

As of this volume the journal is no longer published by the Regional Science Association 
International but by Springer- Verlag, Heidelberg, Germany. Starting with this volume the 
journal also contains book reviews and Brigitte S. Waldorf serves as the book review editor. 



of the Association. In his 1995 editorial, former Editor-in-Chief Luc Anselin (1995, 
p, 295) maintained that during the first five years of the newly reconstituted oper- 
ations, Papers in Regional Science continued “to fairly reflect the supra-regional 
structure of the Association”. He also produced information on the authors’ affilia- 
tions, leading to the conclusion that the journal - in comparison to its predecessor 
- continued to reflect an interesting multidisciplinary mix of “regional scientists”. 

On the occasion of the fiftieth anniversary of regional science, it seems appro- 
priate to once again look into vital publication statistics - this time for the entire 
82-volume run of the journal from 1955 through 2003. We think this analysis of the 
contents of the international association’s flagship journal provides a unique per- 
spective on the evolving nature of the international diffusion and interdisciplinarity 
of the field of regional science. Obviously, we are analysing the content of only 
one journal (see Rey and Anselin 2000, for a broader comparison, although with 
a considerably shorter time horizon), but Papers accounts for almost 25% of all 
citations to articles in regional science journals since 1982 (Isserman 2004). 

Table 3 shows that there has been a small increase in the average length of papers 
published in the journal since 1975. Is this a reflection of increasing verbosity on 
the part of contributors or a reflection of the ease with which modem computational 
devices produce output? Or are editors getting somewhat less vigilant in insisting 
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Table 3. Average number of pages and authors per 
article by decade 



Decade 


Average number 
of pages 


Average number 
of authors 


1955-1964 


14.5 


1.2 


1965-1974 


16.1 


1.3 


1975-1984 


16.4 


1.5 


1985-1994 


15.1 


1.7 


1995-2003 


20.6 


1.8 


Total period 


16.4 


1.5 



on the excision of less significant content matter? Probably the more significant 
trend revealed in the table is the clearly increasing prevalence of multiple-authored 
contributions. In the first volume of the journal all but two articles are single- 
authored, whereas in last year’s volume there is one article with seven authors. The 
trend towards multiple-authored contributions may well reflect broader changes in 
academia with greater emphasis being placed on funded research produced by teams 
of investigators in place of the output produced by lone-eagle scholars. Arguably, 
the “publish or perish” culture of modem academia contributes to this phenomenon 
as well. 

The recent expanded range of formats for contributions to the journal is clearly 
revealed in Table 4, which shows the number of different types of publications by 
decade. In terms of full journal articles, the average number per year has fluctuated 
slightly in the range of 19 to 26 over the decades, whereas the annual number of 
all types of contributions published has risen from 25 to 34. 

Our analyses of the geographical and disciplinary distribution of authors per- 
tains to all types of publications mentioned in Table 4 in order to give a full account 
of all activities in regional science. This implies that, in addition to full articles, 
research notes and book reviews, we also consider the production of presidential 
addresses, (invited) editorials and introductions to (special) issues, and comments 
and abstracts.^ Tables 5 and 6 as well as Figs. 1 through 4 display the changing 
spatial distribution of authorship using the metric author-pages, calculated as the 
prorated number of pages per author. 

Table 5 and Figs. 1-4 nicely portray the evolving international diffusion of the 
regional science movement from its inception among scholars in the United States 
to today’s broad worldwide base.^ Almost exactly half of all the pages authored to 
date are accounted for by contributors from the United States, however, the US share 

^ Abstracts appear only in the first volume of the journal. They are typically short summaries of 
articles published elsewhere. The “comments” reflect the JoumaTs origin as a conference proceedings 
documenting article discussions at conferences. 

^ The maps are for countries of the world, except for the USA and Canada, where we use the state and 
province level, respectively. Hong Kong is discarded in the maps, the observations for Yugoslavia are 
equally assigned to the newly formed states of Macedonia, Montenegro, Serbia, Slovenia, and Bosnia 
and Herzegovina, and the USSR is depicted as Russia (with one exception, i.e., Novosibirsk, all USSR 
regional science research originated in Moscow). 
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Table 5. Number of author-pages per country by decade" 



Country 


1955-1964 


1965-1974 


1975-1984 


1985-1994 


1995-2003 


Total 


Algeria 






13 






13 


Australia 






74 


107 


168 


349 


Austria 




44 


175 


156 


48 


422 


Belgium 




16 


29 


15 


33 


93 


Brazil 






14 




24 


38 


Canada 


53 


142 


271 


206 


167 


840 


Chile 








13 




13 


Denmark 


4 


33 


13 


22 


11 


83 


England 


6 


219 


143 


374 


269 


1010 


Finland 




14 




56 


57 


127 


France 


17 


44 


62 


44 


137 


305 


Germany 


38 


100 


278 


88 


134 


638 


Greece 


49 


8 




62 


18 


137 


Hong Kong 








12 


5 


17 


Hungary 


14 


50 


61 


25 


20 


170 


India 




18 






7 


25 


Indonesia 






8 


12 


26 


45 


Ireland 










6 


6 


Israel 


50 


61 


25 


35 


29 


199 


Italy 




42 


82 


138 


93 


355 


Japan 




99 


158 


255 


253 


764 


Korea 








5 


127 


132 


Malaysia 










14 


14 


Mexico 










10 


10 


Netherlands 


32 


177 


381 


234 


310 


1133 


New Zealand 










3 


3 


Northern Ireland 








30 


30 


60 


Norway 


12 


12 






58 


82 


Poland 


58 


168 


62 


70 




358 


Portugal 










12 


12 


Russia 








21 




21 


Scotland 




19 


35 


20 


67 


141 


Singapore 










9 


9 


Spain 


32 




29 


54 


268 


383 


Sweden 


48 


129 


185 


173 


141 


675 


Switzerland 


6 


57 




45 


3 


111 


Taiwan 






11 


45 


52 


108 


Tunisia 










7 


7 


Turkey 






12 


24 


18 


54 


USA 


2746 


2515 


1688 


1468 


1641 


10058 


USSR 


12 


104 




10 




126 


Wales 






21 


33 


23 


77 


Yugoslavia 


84 


11 




19 




114 


Total 


3261 


4082 


3829 


3870 


4294 


19336 



Author-pages are calculated as the number of pages divided by the number of authors. 




14 



R.J.G.M. Florax, D.A. Plane 



Table 6. Number of author-pages per RSAI supra-region by decade 



RSAI 

supra-region“ 


1955-64 


1965-74 


1975-84 


1985-94 


1995-03 


Total 


NARSC 


2799 


2658 


1959 


1674 


1820 


10910 


ERSA 


462 


1308 


1606 


1747 


1790 


6912 


PRSCO 




117 


265 


449 


684 


1514 


Total 


3261 


4082 


3829 


3870 


4294 


19336 



® NARSC comprises the US and Canada, Latin America and Australasia are included 
in PRSCO, and ERS A includes Europe, the Middle East and Africa. 



of the total has declined from 84% during the initial decade, 1955-1964, to 38% 
for the most recent period, 1995-2003. Following the USA in all-time publication 
leadership are authors from The Netherlands with 5.9% of the grand total number of 
pages, England (5.2), Canada (4.3), Japan (4.0), Sweden (3.5), and Germany (3.3). 
During the most recent period, 1995-2003, the top dozen countries by author-pages 
are: (1) USA, (2) The Netherlands, (3) England, (4) Spain, (5) Japan, (6) Australia, 
(7) Canada, (8) Sweden, (9) France, (10) Germany, (11) Korea, and (12) Italy. 

The map of the inception period (Fig. 1) indicates that regional science of 
the 1950s and early 1960s is predominantly a North American phenomenon, with 
Illinois, California, Massachusetts, and Ontario following in the wake of the centre 
of gravity in Pennsylvania. Already in those early days, Europe embarks on the 
regional science venture as well. One of the most noteworthy aspects is also the 
prevalence of central and eastern European countries and the USSR among the 
founding nations of regional science. Yugoslavia and Poland in particular are the 
second and third largest producers of regional science content - bigger even than 
Canada. 

Figure 2 shows the spatial distribution of author-pages during the middle period, 
1975-1984. It shows the first- time occurrence of the Asia-Pacific countries Japan, 
Australia, Taiwan, and Indonesia, and the diffusion of regional science to South 
America (especially, Brazil). The decline of the influence of the central and eastern 
European countries and the USSR is apparent, and - on the other end of the scale 
- we see the emergence of The Netherlands as the second largest contributor to the 
Papers. 

Figure 3 covers the most recent period, 1995-2003, and shows the diffusion of 
regional science to 37 countries of the world (as compared to 17 during the inception 
period). In Europe, the growing influence of Spain is visible. In the Asia-Pacific 
region, Japan and Australia build on their already strong positions, but South Korea 
also becomes an important contributor. The influence of the central and eastern 
European countries and the countries formerly belonging to the USSR completely 
vanishes in the turbulent political and economic transformation. In North America, 
Quebec is now strongest in Canada, and the US states of New York, Illinois and 
Arizona leapfrog Pennsylvania, where the regional science department was closed 
down in December 1993 (Boyce 2004). 
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Fig. 1. Spatial distribution of the percentage contribution to the total number of author-pages during the period 1955-1964 
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Fig. 2. Spatial distribution of the percentage contribution to the total number of author-pages during the period 1975-1984 




Regional science in “Papers’ 



17 




Fig. 3. Spatial distribution of the percentage contribution to the total number of author-pages during the period 1995-2003 
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Fig. 4. Spatial distribution of the percentage contribution to the total number of author-pages during the period 1955-2003 
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Figure 4 reveals that at some point in time regional science is present in all 
continents. Regional science content published in Papers in Regional Science has 
been produced in 43 countries of the world. The overall ranking in terms of author- 
pages produced during the entire 1955-2003 period continues to be pervasively 
dominated by the traditional forerunners: the US states of Pennsylvania, California, 
New York and Illinois, and the countries. The Netherlands, England, Japan, Sweden, 
and Germany. 

Another perspective on the geographical distribution of regional science publi- 
cations in the journal is provided by Table 6, in which we use the tripartite “supra- 
regional” geography of the RSAI organisational structure. To produce these, we 
somewhat arbitrarily “defuzzify” the overlapping geographies of the three supra- 
regional organisations (for instance, should a scholar from the Western US or 
Canada be assigned to PRSCO rather than North America?). The summary statis- 
tics are nevertheless broadly revealing. The share of North American contributors 
remains relatively high with an increasing complementary distribution of author- 
ship among the European and Pacific supra-regions. The European contributions 
outnumber the North American author-pages during the 1985-1994 period, and are 
nearly equal in the most recent period. The Pacific is persistently relatively lower, 
but increasing quite rapidly. At this spatial scale it appears that the geographic 
distribution of authors of published articles adequately reflects the Association 
membership. 

Finally, with respect to geographical diffusion we move from the broad “supra- 
region” scale to the institutional and city scale."^ Table 7 illustrates the movement in 
the share of pages accounted for by authors at institutions in various world cities.^ 
We think these statistics provide interesting perspectives on the shifts and shares of 
“localisation” of regional science at some key centres around the globe. During the 
first twenty years the significance of Philadelphia is overriding. It becomes substan- 
tially less dominant already in the 1975-1984 period, but by far still outnumbers 
any other city/institution in the overall ranking for the entire period. During the 
first two decades regional science is predominantly American, with only five and 
seven European cities ranking among the first 25 in the first and second decade, 
respectively. This changes considerably between 1975 and 1984: several European 
centres are now apparent, of which Amsterdam, Stockholm, Rotterdam, and Vi- 
enna show the highest scores, and Tokyo is ranked ninth. The internationalisation 
of regional science continues during the 1985-1994 period, and shows two more 
Asia-Pacific cities, notably Nagoya and Gifu. This trend is even more noticeable 
during the most recent period, 1995-2003, in which only 12 of the 25 top-ranked 
cities are in North America. The latter two periods are markedly different from the 
Philadelphia-dominated decades: new city centres of regional science are appar- 
ent, predominantly a different set of cities in the US and various cities in Europe. 



The ranking of cities/institutions in Table 7, and authors in Table 8 considers only full articles, 
research notes and presidential addresses. 

^ Unfortunately there is not a one-to-one correspondence between cities and institutions, and insti- 
tutional details have not been recorded in the database. For instance, Cambridge, MA is home to both 
MIT and Harvard. Similarly, Chicago has more than one university. Inferences regarding institutions 
should therefore be drawn cautiously. 




Table 7. Ranking of institutions by means of cities according to author-pages, per decade' 
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The top positions of Barcelona and Zaragoza (Spain) in particular during the most 
recent decade are outstanding, as is the top position of Columbus, Ohio during the 
1985-1994 period. In general, we can see the US cities with strong quantitative 
geography departments (Buffalo, Columbus, Santa Barbara, Tucson, and Urbana) 
ranking very high within the last 20 years. All of this culminates in the overall 
ranking, where Philadelphia is the highest of a series of US cities. Amsterdam is 
the highest ranked European city, with London, Rotterdam, Stockholm, Warsaw, 
Vienna, and Budapest following in its wake. There is not yet a Pacific Asian city in 
the top-25. 

We turn now to the authorship of full papers, research notes and presidential 
addresses as well as to the multidisciplinary nature of authorship. Table 8 breaks 
down the authorship measured in author-pages per decade. It should be read with 
caution, because - especially in the more recent periods - two single-authored ar- 
ticles are sufficient to qualify in the top-25. The table nevertheless shows some 
interesting results. First and foremost we notice the unprecedented productivity 
of Walter Isard, who has written over 500 (author-) pages of the journal. Panagis 
Liossatos and Thomas A. Reiner, who both also co-authored a series of publications 
with Walter Isard, rank very high on the overall top-25 as well. The decadal break- 
down shows the rather sharp generational break occurring at the end of the third 
decade, around 1985, which we can interpret as a watershed year. During the first 
two or three decades, the regional science publications of a still rather small group 
of regional science scholars are concentrated in Papers. This is notably different 
from the increasingly diverse new group of scholars who publish more incidentally 
in the same journal {Papers in this case) during the last twenty years. The overall 
top-25 predominantly ranks American and European scholars. The thirty-year ca- 
reer span of Peter Nijkamp brings him in second, based to a considerable extent on 
a series of single and co-authored articles (among others with Jean H.P. Paelinck) 
during the late seventies and early eighties.^ Similarly, John B. Parr scores very 
high, as well as several other European authors, including Kasimierz Dziewonski 
from Poland, Ake Andersson from Sweden, and the German Edwin von Boventer. 
Noboru Sakashita from Japan is the only Asian Pacific author on the overall list.^ 

To analyse the multidisciplinarity of regional science, we break down the af- 
filiations of authors (of all types of publications) following Anselin’s (1995) cate- 
gorisation of “disciplines” by authors’ “departmental” affiliations. Table 9 clearly 
shows that the journal continues to adequately mirror the multidisciplinary commu- 
nity of regional scientists. The two largest affiliations are economics and geography 
departments. During 1985-1994, more author-pages are accounted for by scholars 
in geography than in economics, although if applied economics units are included, 
economists have most likely been predominant in all five time periods. 

Figure 5 illustrates the time trends by major discipline of authors. Since a trough 
in 1992, the rise in publication by economists has been steep and almost mono- 



^ Both scholars were recognised for their outstanding contribution to the advancement of regional 
science by being awarded the European Prize in Regional Science at the European congress of the 
Association in Jyvaskyla, Finland, in August 2003. 

^ During the preparation of this issue we received the regrettable announcement of Professor Sakashita 
recently passing away. 




Table 8. Ranking of authors by author-pages, per decade' 
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tonic, perhaps in keeping with the recent rising popularity of regional topics in the 
economics discipline as a whole. Since a peak in 1997, the decline in publication 
by geographers has been rather precipitous, perhaps indicative of the unfortunate 
decline in support for quantitative and scientific approaches in many Anglo and 
American geography departments. The decline in publication by authors with ac- 
tual “regional science” (or similar interdisciplinary) institutional affiliation since 
the late 1970s is also evident - a trend of course largely attributable to the demise of 
the regional science department at the University of Pennsylvania. The time trend 
for planners is interesting, showing that planners have always maintained strong 
representation in the journal and the field more widely. We hesitate to draw too 
many other causal interpretations, however, because statistics such as these are 
influenced of course by a host of factors, including the disciplinary as compared 
to the institutional affiliation of authors, the affiliations of editors in different time 
periods, the establishment and shifting contents of other journals, the changing geo- 
graphical distribution of RSAI membership, and the relative prevalence of different 
disciplines represented in the regional science communities of different countries, 
and so forth. 

Although it would be interesting to develop a topical (and perhaps methodolog- 
ical) classification to track the intellectual development of the field as reflected in 
the works of regional scientists published in Papers since 1955, we shall leave that 
project to others (see Isserman 2004). To facilitate such ventures and to make more 
accessible the classic papers published in earlier volumes of Papers of the Regional 
Science Association, the RSAI has produced a Compact Disc containing the en- 
tire collected contents of “The Papers” from Volume 1 (1955) through Volume 82 
(2003). 

In the years ahead Papers in Regional Science will continue its mission of 
continuously recording the evolving spectrum of research produced by the mem- 
bership of the Regional Science Association International. To mark the occasion 
of the first 50 years of the multidisciplinary research venture, however, this special 
Golden Anniversary Issue has been produced to assess where the field has been - 
and where it might be heading in the future. 



3 The Golden Anniversary Issue 

In designing an appropriate special issue to commemorate the first half-century of 
regional science, we debated numerous alternative concepts. What lies ahead of you 
in this issue are the thoughts of a number of regional scientists who have played 
important roles in bringing about this brightest of dawns for our multidisciplinary 
research venture. The authors are among a much wider group of persons who should 
be credited with leading the field’s intellectual and institutional development. 

Our framework for the issue involves several parts. We wanted to begin the issue 
with both a look back at the historical development of regional science institutions - 
particularly tracing the geographical diffusion of regional science across the world 
from its initial roots in the north-eastern United States - and at the highlights of the 
field’s intellectual development. 
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RSAI Archivist, David Boyce, has provided a clear and concise summary dis- 
cussion and time line of some of the most important events that formed the first 
50 years of regional science history. Boyce traces the development and growth of 
regional science associations and notes the many contributions of individuals in the 
field’s formation and development. 

To complement the institutional perspective of the Boyce article, we commis- 
sioned two assessments of the major intellectual milestones marking the field’s 
development thus far, and of the scholars who have been most influential. In order 
to provide one version of a historical assessment, the book review editor of Papers 
in Regional Science, Brigitte Waldorf, carried out an e-mail poll of a large number 
of internationally active regional scientists. Each scholar was asked to select a small 
set of “path-breaking” books: those that rank as the most important and influential 
both in the development of the field and in the respondent’s own scholarly devel- 
opment. We think you will find the composite rankings she reports interesting - 
maybe even controversial - and we hope you enjoy the small suite of specially 
commissioned reviews that follow those rankings. Authors were asked to trace the 
impact of each of the most frequently selected regional science books. 

A second perspective outlining the scholarly evolution of the field is the ci- 
tation study contributed by Andrew Isserman. The analysis distinguishes among 
the pioneering generation who wrote its formative pieces, the first generation who 
received training in regional science and expanded its boundaries, and the current 
generation whose work is shaping the field and giving it direction. 

After the three articles focusing on the development - and developers - of the 
field to date, the grouping of overview articles is closed out by a look ahead at the 
ongoing regional science organisational development. Current RSAI President An- 
toine Bailly and Past President Lay James Gibson offer their views on some trends, 
and prescribe desirable directions for ongoing and broader institutionalisation of 
the field. Bailly and Gibson contend that balancing perspectives and managing 
tensions in a field housing both basic and applied research, is challenging. They 
propose that we revisit how we manage regional science and position it within our 
universities and within our graduates’ job markets and they provide some thoughts 
about regional science education and training. 

The main body of the issue focuses on the substance and content of the field and 
is composed of a set of critical essays. Authors were asked to assess and critique 
developments retrospectively as well as to lay out prospects for future directions. 
As an experiment, we decided to ask two-author teams to tackle each of a list of 
selected research-area topics. In many cases the pairs of authors we contacted had 
never worked together. We tried to match scholars from different regions of the 
world and persons whom we thought might have complementary, but hopefully not 
diametrically opposing, views on their research areas. 

The collaborative efforts have been very successful, even despite the compressed 
time schedule. Everyone we asked to participate in this venture lives the over- 
committed “jet-set” life of top-flight international regional science scholars, and 
we are most grateful for the time and thought they have put into these essays. 

The contributions are arranged in an order that proceeds from broad, paradig- 
matic issues and the foundational concepts of agglomeration and distance, before 
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moving into some of the more specialised topical and then methodological research 
realms, where regional science has made its most major contributions. 

The coverage of topics is far from exhaustive and does not treat all the research 
taking place under the rubric of “regional science”. Space constraints prevented us 
from soliciting contributions from many other scholars who could have broadened 
the coverage. A number of additional scholars did however contribute significantly 
to this venture by providing thoughtful critiques of the first draft manuscripts. Dur- 
ing the review process we were not particularly concerned when some contributors 
returned somewhat overlapping treatments of topics. Each piece seems to us to 
present a clear and distinctive point-of-view, and, besides, no single well-agreed- 
upon division of the subject matter of regional science has yet been agreed to. 

The treatment of regional science subject matter begins with a dialogue between 
Masahisa Fujita and Paul Krugman about the New Economic Geography paradigm. 
With the assistance of an interlocutor, they give their views on what this approach 
consists of, treat aspects of its models, deal with a number of the critiques, and look 
ahead to its future elaboration. 

The discussion of spatial economic theory continues next with contributions by 
Borje Johansson and John Quigley, and Philip McCann and Daniel Shefer. Both 
contributions focus on the role of agglomeration of economic activities, with the Jo- 
hansson and Quigley article discussing agglomeration and networks, and McCann 
and Shefer examining agglomeration, spatial transaction costs and transportation 
infrastructure. 

The theme of the changing role of distance and transportation costs for location 
theory is carried over in the article on urban economics by Edward Glaeser and Janet 
Kohlhase. They provide interesting empirical data to illustrate their broad-brush per- 
spectives on the changing determinants of urban system growth and development. 

The decline of transportation costs is taken up again by Piet Rietveld and Roger 
Vickerman in their assessment of transportation and regional science research. By 
examining the interface between transportation and regional science research, they 
contend that “the death of distance is premature”. 

Turning from transportation and agglomeration to other considerations in re- 
gional growth theory, Paul Cheshire and Edward Malecki take up the consideration 
of innovation and economic growth by asking such questions as: Why does the stock 
of capital grow at different rates? Why does the labour supply increase? What drives 
technical progress? What are the roots of spatial dependence? The article treats the 
role of entrepreneurship and the changing drivers of regional labour supply. 

The subsequent article by Karen Polenske and Geoffrey Hewings focuses on 
trade and economic interdependence in regional development, tracing since Isard’s 
early pioneering studies the long fascination of regional science with inter-industry 
analysis. The authors delineate two major developments. They identify a movement 
towards greater integration in model development not only with large-scale models, 
but also with careful attempts to make more components of the system endogenous. 
In addition, they observe the pursuit of greater integration than in earlier studies 
between theory and applied regional economic modelling. 

Amitrajeet Batabyal and Peter Nijkamp’s article examines regional science re- 
search dealing with the environment. They argue that regional scientists’ environ- 
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mental work has made its most significant contributions in five key areas: regional 
economic development, environmental regulation, natural resources, international 
affairs, and geographic information systems; and they point to areas where research 
on the environment is headed. 

The treatment of substantive areas continues with the article by Brian Cushing 
and Jacques Foot, which also initiates a suite of three articles focusing on modelling 
methods. Their article assesses the very considerable body of literature developed 
to date on migration and interregional flows of labour, in which regional scientists 
have played a leading role in the development of modelling techniques. 

The subsequent article embraces the whole realm of spatial interaction mod- 
elling. John Roy and Jean-Claude Thill reflect on the development of spatial in- 
teraction methods from their inception in gravity model formulations through the 
replacement of the gravity analogy by the more general concepts of entropy or 
information theory, to a more inclusive probabilistic framework. 

The concluding article in the volume is by Michael Goodchild and Robert 
Haining. Its focus is on the convergence of Geographic Information Systems and 
spatial data analysis - a trend that should increasingly broaden the interest of applied 
regional scientists in Geographic Information Science. 



4 Conclusion 

The production of a major special issue such as this could not have happened with- 
out the help of many “behind the scenes” contributors. We would like to thank 
the contributing authors to this special issue, as well as the reviewers who pro- 
vided thoughtful reviews on very short notice. We would also like to thank and 
acknowledge the assistance provided by the production staff of the journal doing 
their important work in the background - not only for this Golden Anniversary 
Issue, but for each and every issue produced over the last few years. Angele Janse 
manages the logistics of manuscript handling and the production of the journal at 
the Amsterdam office of the Editor-in-Chief. She undertakes her work with great 
dedication, efficiency and wit, and it is a pleasure to work with her. Marianne Bopp, 
who is the managing editor of the journal and economics editor at Springer- Verlag, 
over the years has demonstrated a truly remarkable dedication to regional science 
in general and to this journal in particular. We very much appreciate her relentless 
personal efforts to make the journal successful. We would also like to thank Marion 
Kreisel, who is in charge of the actual manuscript processing at Springer- Verlag, 
and Susan Davis who works on the copy-editing of manuscripts (including the im- 
provement of grammar and style), and who did a marvellous job going through the 
manuscripts for the Golden Anniversary Issue under considerable time constraints. 

Finally, we gratefully acknowledge the institutional support of the Department 
of Spatial Economics of the Free University in Amsterdam, and the work of the head- 
quarters of the Regional Science Association International in Urbana-Champaign, 
in particular the efforts of Kieran Donaghy and Beth Carbonneau. One of their 
last major projects, before turning RSAI business over to Graham Clarke in Leeds, 
was the preparation of the CDROM with the full documentation of everything 
ever published in the flagship journal of the Association. Kieran Donaghy, assisted 
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by Rose Marshack, Kyung Min Shin and Rick Valentin, did an outstanding job in 
documenting the regional science legacy recorded in “Papers in Regional Science”. 

We hope you enjoy reading, as much as we have enjoyed producing. The Bright- 
est of Dawns: 50 Years of Regional Science - and even more so, wake up, enjoy the 
day ahead and continue contributing to the bright future of regional science. 
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A short history of the field of regional science 

David Boyce^ 

2149 Grey Avenue, Evanston, IL 60201 USA (e-mail: dboyce@uic.edu) 



Abstract. The Regional Science Association was founded 50 years ago in Decem- 
ber 1954; however, the institutional origins of the field were much earlier, perhaps 
when Walter Isard began his graduate studies in economics at Harvard University. 
This article briefly traces the history of the field of regional science and its associ- 
ation from those beginnings to the present. The focus of the article is the evolution 
of the association as an institution, and some of its major contributors, and to a 
much lesser extent, on the scope and scholarly content of the field. 

JEL classification: B20, B25, B31, B40 

Key words: Regional science, history 



1 Overview 

What is regional science, and how did it come into being? These questions are not 
easily answered, and perhaps best left to historians of science. As one participant 

* In mid- 1 968, Walter Isard invited me to join him in the organisational work of the Regional Science 
Association. As we had not worked together before, I was actually quite surprised to be asked. Somehow 
this role worked well for me, and I hope it has served well all who have been impacted. On this occasion 
I want to express my profound appreciation to Walter, and to all regional scientists for the opportunity to 
serve you. These 35 years have been a wonderful experience for me, and I look forward to many more. 
Although this article was invited by the guest-editors of Papers in Regional Science, Walter has been 
urging me for the past two years to make time to write my part of the History. This article represents my 
first effort in this direction, and I hope to follow it soon with a sequel to his History (Isard 2003). His 
manuscript was one essential source for this article. Other sources were comments on earlier versions by 
several individuals. In particular, I wish to thank Peter Batey and David Plane for helpful and insightful 
comments. 

Responsibility for the accuracy and interpretation of events lies with me alone. If you believe I have 
erred, or misrepresented the facts, I want to hear from you. Please write to me at the above address. 




32 



D. Boyce 



and contributor to the field of regional science over the past 40 years, I was invited 
by the editors to write a short history of our field for this special issue. This article, 
perhaps inevitably, is more about regional science viewed as an institution than 
about regional science as a scholarly activity. To trace and analyse the evolution of 
the subject matter of regional science would be a much larger undertaking than the 
one attempted here. In his History, Walter Isard (2003) has also deftly sidestepped 
this issue by reproducing programmes of conferences for the reader to examine, 
ponder and possibly analyse. I expect the actual analysis will be performed by 
historians, drawing upon Isard’s History and similar works as source documents. 

This article is organised chronologically and is accompanied by a detailed 
Chronology compiled from Isard’s History, newsletters, periodicals and books. 
We begin with a brief academic biography of Walter Isard, and then proceed to an 
account of the evolution of the institutions of regional science. A short summing 
up of accomplishments concludes the article. 



2 Beginnings: 1939-1953 

2.1 Isard, the student 

In the fall of 1939, having completed his undergraduate studies at the age of 20 
with honors at Temple University, Philadelphia, Walter Isard entered Harvard Uni- 
versity as a graduate student in economics. During the next two years he developed 
his thinking concerning cycles in building construction and transportation devel- 
opment, under the critical eyes of Professors Alvin H. Hansen and Abbott P. Usher, 
who stimulated his interest in location analysis. In 1941 Isard moved to the Univer- 
sity of Chicago, where he studied with Professors Frank H. Knight, Oscar Lange, 
who rekindled his interest in studying mathematics, and Jacob Viner, whose course 
in economic theory proved important for his future research. In the following year 
Isard pursued his interest in location analysis while affiliated with the National 
Resources Planning Board in Washington, D.C., where he became acquainted with 
Robert B. Mitchell and G. Holmes Perkins, who later facilitated his relocation to 
the University of Pennsylvania. 

After quickly completing his Ph.D. thesis on building cycles and transportation 
development, because of the outbreak of World War II, Isard was drafted; as a 
consequence of his Quaker upbringing and his pacifist beliefs, he was assigned to 
the Civilian Public Service as a conscientious objector. During the night hours of his 
duties as an orderly in a state mental hospital, he translated into English the works of 
the German location theorists, which were essentially unknown to English-speaking 
economists. Following the conclusion of hostilities, Isard returned to Harvard to 
continue his location studies, especially of the iron and steel industry. In addition, 
he extensively analysed the costs of atomic power, questioning whether atomic 
power would ever be a cost-effective source of electric power due to its very high 
investment costs. 

While teaching part-time during 1945-1949, Isard became aware of the awak- 
ening interest in W. W. Leontief ’s input-output approach, and Leontief ’s own new- 
found interest in regional problems. Subsequently, Leontief invited Isard to assist 
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him with the development of the balanced regional input-output model, which led 
to his appointment at Harvard during 1949-1953 as a research associate. As a 
condition of the appointment, however, Isard insisted on teaching a course in the 
Economics Department, which resulted in the introduction of a course on loca- 
tion theory and regional development into the Harvard economics curriculum. This 
course was taken by numerous graduate students who later became well known for 
their own contributions to regional science. 



2.2 Formative meetings and promotional efforts 

While engaged in his post-doctoral studies at Harvard, Isard became active in efforts 
to promote the study of location analysis and regional problems, including arrang- 
ing meetings of interested scholars. Beginning in 1948 he requested the agreement 
of successive presidents of the American Economic Association (AEA) to organ- 
ise sessions on regional problems during its December conventions. Likewise, he 
sought the support of sociologists and demographers in organising such meetings. 
This period of activity led to a proposal to the Social Science Research Council 
(SSRC) to form a Committee on Regional Economic Studies. The proposal was 
discussed at a meeting held on December 29, 1950 in Chicago, where the AEA 
was meeting. A wide-ranging discussion ensued among the 27 participants at the 
meeting on the interdisciplinary nature of regional research, the need for new con- 
cepts and techniques for making regional projections, and the need for additional 
data. The possibility of a summer research seminar was discussed, and a working 
committee was appointed. The discussion formed the basis for a proposal for funds 
to the SSRC, which ultimately was rejected. 

This result, it seems, caused Isard and his associates to redouble their efforts. 
Throughout 1951-1954 sessions on regional research were organised at meetings 
of various economic associations, including the annual AEA convention, as well 
as geography, city planning, political science and sociology meetings. More than 
25 meetings were held during this period. Drawing on secretarial resources of 
Leontief’s research project, an informal newsletter was disseminated, providing 
detailed accounts of discussions as well as titles of papers presented. 

Midway during this period at the age of 34, Isard moved to M.I.T. as Associate 
Professor of Regional Economics and Director, Section of Urban and Regional 
Studies, Department of City and Regional Planning. There Isard gathered a group 
of graduate students including Gerald Carrothers, Robert Coughlin, Thomas Reiner, 
Eugene Schooler, Benjamin Stevens, and Thomas Vietorisz, who aided him not only 
in his expanding research activities, but also in his organisational activities. 

Throughout this period, a discussion ensued on what should be the name of this 
interdisciplinary field of scholarly activity. Several possibilities were actively dis- 
cussed: spatial researchers or scientists; regional researchers; and regional studies, 
to cite several representative ones. All were found to have excessive overlap with 
existing fields or were thought to be confusing. In the end the crisp title. Regional 
Science Association, emerged from the discussions, recognising that regional sci- 
ence applied also to interregional science. The first use of the term regional scientist 
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is found in a newsletter from Isard dated August 3, 1954 proposing the formation 
of an “Association of Regional Scientists”. To this development, I shall now turn. 



2.3 The first meetings 

Following four years of sustained and extensive discussion on the purpose and scope 
of their regional research activities, Isard proposed the formation of an Association, 
with its first meeting to be held December 27-29, 1 954 in conjunction with the AE A 
and other social science associations in Detroit. A full programme of 25 papers was 
organised, although some sessions were held jointly with other associations. A 
business meeting was called for December 29, in which 60 scholars participated. 
As recorded in a subsequent newsletter, the discussion was orderly, but enthusiastic, 
in support of the formation of an Association. A committee was established, with 
Isard given full freedom to select its members. The participating scholars also 
agreed to meet the following year with the allied social scientists, as they later 
became known. There was also support for publication of the papers presented at 
the meeting, which was accomplished by each author providing 200 copies, and 
having them bound together into a volume, which became Volume One, Papers 
and Proceedings, Regional Science Association, 1955. The Proceedings consisted 
of the Minutes of the Business Meeting and the Programme of the Meetings. (In 
Volume One, the plural Meetings is used to describe the event for the first time, 
possibly an innovation of the Editor, Gerald Carrothers.) 

What can be said about content of these Meetings, a topic easily glossed over? 
Each of the sessions had the word regional in its title as well as economic analysis, 
economics, or research. Location theory and models were present but were in 
the minority. Urban topics were represented but not extensively. Transportation 
and spatial interaction were also present, together with a few papers on regional 
policy. In short, the programme was much the same as RS AI meetings presently, an 
interdisciplinary mix of theory, methods and applications on both large and small 
regions, including urban and rural regions and interregional relationships. 



3 Early years: 1954-1968 

3.1 Organisation of the RSA 

The formal organisation of the Regional Science Association (RSA) proceeded 
deliberately and carefully. A highly interdisciplinary organising committee was ap- 
pointed, which produced a draft constitution by July 28, 1955 for circulation to 
interested persons. The Constitution was discussed at the December 28, 1955 Busi- 
ness Meeting, with some suggestions for changes to liberalise the qualifications for 
membership. Procedures for nominating and electing officers were also discussed, 
as was the place of the next Meetings. The Constitution was distributed to per- 
sons participating in the activities of the association, and declared to be ratified on 
August 15, 1956. 
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In retrospect, two points were overlooked in the Constitution. First, no provision 
was made for the formation of sections. In fact there is no mention of sections in 
the newsletters of the Association until 1960, when the Constitution was amended 
to allow their formation. Second, the officers were the usual ones; however, there 
was no office for the ongoing leader of the Association, which is to say, Walter 
Isard. Once he served as the first President, in 1957, what would be his role? This 
oversight was corrected in 1959 by the creation of the office of Honorary Chairman, 
which Isard subsequently held throughout his leadership of the Association. 

For the 1956 Meetings, the Association was recognised formally as a legitimate 
social science organisation and incorporated into the Allied Social Science Asso- 
ciations (ASSA). This arrangement for the Meetings continued until 1963, when 
the RSA held its Tenth Annual Meetings in the U.S., independently of the ASSA 
in Chicago. These meetings represented the coming of age of the Association, as 
being sufficiently strong to function separately from other social science organi- 
sations. The Regional Science Association Directory, 1960-1961, listed about 960 
members, further testifying to the success of the Association’s early years. 



3.2 Transition to the University of Pennsylvania 

After failing to establish a Ph.D. programme in regional science at M.I.T., Isard 
looked elsewhere for fertile ground for rooting the seeds of the new field. The 
University of Pennsylvania at Philadelphia, Isard’s hometown, provided that op- 
portunity. The Economics Department of the Wharton School at Penn was seeking 
new academic blood, which was provided initially by Lawrence Klein, later to be 
the 1980 Nobel laureate in economic science, and Walter Isard. A new Graduate 
Group in Regional Science was created at Penn, as announced by Isard to the RSA 
membership on April 13, 1956. Also established at Philadelphia was the Regional 
Science Research Institute, as a non-profit, independent research organisation. 

In the same year the first of three books by Isard was published. Location and 
Space Economy. The second. Industrial Complex Analysis and Regional Devel- 
opment, followed in 1959, and the third. Methods of Regional Analysis, in 1960. 
These books, together with the founding of the Journal of Regional Science in 
1958, solidly established the graduate programme at Penn as a centre of scholarly 
activity. Recognition came quickly with the establishment of the Regional Sci- 
ence Department in 1958. The first Ph.D. degree was awarded in 1960 to William 
Alonso, another promising young scholar who had migrated to Philadelphia with 
Isard, Stevens and the others. Alonso went on to Harvard and Berkeley to an il- 
lustrious academic career. His Ph.D. thesis, published as Location and Land Use, 
became a classic not only in regional science, but also in urban economics and 
urban planning. 



3.3 Europe, the Far East and the formation of sections 

Having rooted regional science firmly in the United States and at Penn, Walter Isard 
next turned his attention to the rest of the world. As already noted, sections were 
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not envisaged in the original constitution. Once amended, however, the first section 
was formed, evidently spontaneously in March 1961 by regional scientists from the 
western United States meeting at Las Vegas. Initially known as the Western Section, 
the Western Regional Science Association emerged as a vibrant organisation with 
its own journal. The Annals of Regional Science, and the ambition by 1969 to 
collaborate with the next section to be formed, the Japan Section, to organise an 
international conference of scholars from the Pacific Rim. 

In the summer of 1960, Isard was active in disseminating regional science 
to Europe. Travelling with his large family in a VW microbus, he made a grand 
tour of The Hague, Paris, Bellagio (Italy), Zagreb, Warsaw, Stockholm, and Lund, 
organising conferences and sections along the way. He achieved the necessary 
interest and support to organise and hold the First European Congress at The Hague 
in August 1961. The meeting was highly successful with 122 scholars from 29 
countries. Over the next 30 years, sections formed throughout Europe: French 
Language, Norden, Dutch, German Speaking, British, Italian, Hungarian, Polish, 
Israeli, Spain, and Turkish, in rough chronological order; available records do not 
permit a more precise ordering. 

By 1962 Isard, with the help of his associates, turned his attention to Latin 
American and the Far East. The First Latin American Congress was held in Caracas 
in 1962 with 100 participants. The Japan Section was formed under the leader- 
ship of Genpachiro Konno in 1962, and the First Far East Conference was held 
in September 1963. Subsequently, the Indian Section was formed and held its first 
meeting in 1967. While the Japan and Indian Sections flourished, establishing ad- 
ditional sections in Asia proved difficult until after 1980, when in succession the 
Korean RSA, Chinese RSA-Taiwan, Indonesian RSA and a Mexican association 
were formed and became member organisations. Likewise, although the Brazilian 
and Argentine Sections were formed during the 1960s, until recently they did not 
hold regular meetings. 

More steps in the establishment of regional science were the Summer Institutes 
held at the University of California at Berkeley in 1962 and 1964. These summer 
schools of several weeks provided advanced instruction is regional science theory, 
methods and applications to young faculty members from the U.S. and abroad. 
Leading regional scientists from Penn and other universities formed the faculty. 
The export of the Summer Institute concept to Europe in 1970 was a direct result of 
a young German economist, Rolf Funck, having attended the 1964 event, as well as 
the strong suggestion made to him by Walter Isard in August 1969 in Copenhagen. 

Otherwise, during the 1960s the annual Regional Science Meetings continued 
to flourish in the United States, increasing in attendance from year to year. As 
noted, the first Meetings held separately from the ASS A occurred in 1963 with 
considerable success. Likewise, the European Congresses attracted the attention 
of scholars there, as well as a few American scholars who Isard invited to join 
this annual August excursion. In 1965 the Congress was held for the first time 
at an Eastern European location (Krakow) greatly facilitating the participation of 
scholars from Eastern Europe. A two-day meeting of the British Section in 1967 
was added to the itinerary, scheduled just before the European Congress. 
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4 Expansion years: 1968-1989 

4.1 Expansion of the North American meetings 

As the annual Regional Science Meetings took shape in the mid-1950s and through 
the transition to a venue independent of the ASS A in the 1960s, two features of the 
annual event were unchanging. First, the Meetings consisted of a sequence of three- 
hour sessions, each comprising two addresses by leading scholars to the assembled 
participants, followed by invited discussants and extensive discussion from the floor. 
Altogether, 14 papers constituted the three-day Meetings, Friday morning through 
Sunday afternoon. Second, the 14 papers were invited by Walter Isard, often in 
consultation with leading scholars. The only exception was the “early-bird” Ph.D. 
dissertation paper sessions held on Saturday and Sunday mornings. 

From the perspective of the present, the thought of over 100 regional scientists, 
economists, geographers and others sitting in a single large room listening to papers 
on a diverse range of subjects is rather daunting. But that was indeed the format of 
the Meetings through 1968. Moreover, competition for those relatively few invita- 
tions became increasingly keen. As interest and attendance in the Meetings grew, 
and the opportunity to present a paper on one’s own research became a criterion 
for obtaining travel funds, the necessity to “open up” the meeting format became 
imperative. This process was initiated slowly, first in 1969 when parallel sessions 
were initially held on Sunday morning, and increasingly through the 1970s when 
parallel sessions of various styles began to be organised by several interest groups. 
During this period, the format and content of the Meetings evolved substantially. 
Invited papers continued to be scheduled, but in parallel with organised sessions 
on various topics. By 1976, the Meetings had expanded to six parallel sessions at 
Toronto, the first Meetings held in Canada. By 1986 the Meetings consisted of 10 
parallel sessions held over three days for a total of 60 sessions. 

In 1969 these conferences were first designated as the North American Meet- 
ings, in contrast to the former designation, U.S. Meetings. This change recognised 
the continuing success of the European Congress, and the emergence of a third 
international conference described below. 



4.2 Transition to the European RSA 

In Europe, the nature and organisation of the European Congress evolved similarly 
at first. As noted, the first Congress in Eastern Europe took place in 1 965 . The second 
Congress in Eastern Europe was held in late August 1968 at Budapest, just a few 
days after an unexpected intrusion into the internal affairs of Czechoslovakia by 
the superpower to the east. As a result, a number of Western European participants, 
especially several from the Federal Republic of Germany, boycotted the Congress. 
Ironically, the Congress was highly successful as a result of the participation for the 
first time of a substantial group of Soviet scholars as well as others from Eastern 
European countries. Substantial Soviet participation continued at the Copenhagen 
Congress in 1969, but diminished in the following years. And the plan to hold the 
1970 Congress at Bratislava had to be canceled as a result of adverse conditions in 
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Eastern Europe in the early 1970s. Only in 1975 was it possible to resume holding 
the Congress in the East, again at Budapest. 

Highly successful Congresses were held in London, Rome and Vienna in the 
early 1970s, following the format and procedure devised by Walter Isard for the 
North American Meetings. In the case of the European Congresses, however, the 
organisation was anomalous in the sense that the entire programme was organised by 
Isard, increasingly with my assistance after 1968, from our offices at the University 
of Pennsylvania. Shortly after each Congress, we would draw up a list of 12-14 
scholars to be invited to give papers at next year’s Congress. Invitations were mailed, 
and when an acceptance was received, discussants were identified and invited. By 
April, the tentative programme was assembled and distributed in a newsletter to the 
membership, together with a hotel reservation form. Adjustments to the programme 
were made, as needed, over the summer. The programme was sent, or often hand 
carried to the Congress venue, and the final programme produced on the day before 
the Congress. The procedure was efficient and served the early years of the Congress 
well. 

At the Business Meeting of the Karlsruhe Congress in 1974, however, the whole 
procedure was severely questioned. A Dutch scholar, who was not a regular partic- 
ipant and whose name has long since been forgotten, inquired why this European 
Congress is organised by Americans in Philadelphia. This remark triggered a long 
discussion during the Business Meeting and afterwards. Why indeed! The end re- 
sult of this discussion was an agreement for European scholars to undertake the 
preparation of the Congress programme, beginning with a few sessions in 1976 at 
Lyngby, Denmark, and expanding until the European Organising Committee (EOC) 
assumed full responsibility for the 1979 Congress at London organised by Peter 
Batey. Subsequently, the European Regional Science Association was formed as a 
supraregional organisation in which the various sections of the RS A in Europe were 
represented. However, the EOC, essentially an independent body, retained control 
over the organisation of the Congresses. The transition to the preparation of the 
Congress by the EOC proceeded very smoothly, largely because of the leadership 
of Peter Nijkamp, at the time a young scholar beginning his career in The Nether- 
lands. The formation of these two European organisations established a precedent 
for decentralising the organisation of the international conferences of the RSA, a 
point to which I return below. 



4.3 Founding of the Pacific Conference 

As noted earlier, the Western Section was the first section to be organised in 1961, 
and the Japan Section was organised two years later in 1963. These two sections 
organised the First Pacific Regional Science Conference in Honolulu in late August, 
1969, held on the same days as the European Congress in Copenhagen. Unlike the 
North American Meetings and the European Congress, the Pacific Conference was 
held every second year, first at Honolulu, and later at alternating locations between 
Asia and North America. The organisers also successfully issued Papers of the 
Pacific Conference for the first five conferences through 1975. In contrast to two 
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conferences organised each year by Walter Isard, the Pacific Conference and its 
publication were the activity of two of the most successful sections of the RSA. 

At the Council Meeting at the North American Meetings in Toronto in 1976, 
Isao Orishimo proposed on behalf of the Pacific Regional Science Conference that 
Papers of the Pacific Conference be incorporated into Papers of the Regional Science 
Association. The immediate rationale was a practical one, resulting from difficulties 
experienced by the Pacific Conference in publishing its Papers in a timely and 
financially sound manner. This proposal was received and debated cautiously by 
the RSA Council, as it would place an additional burden on RSA finances as well. In 
the end, however, agreement was reached that Pacific Conference Papers would be 
included in Papers of the RSA, beginning with the 1979 conference. Those Papers 
were issued as Volume 46 (1981) edited by Hirotada Kohno and Rodney Jensen. 

Although the proposal made by Orishimo on behalf of the conference organisers 
was made for practical reasons, ensuing actions to form the Pacific Regional Science 
Conference Organisation (PRSCO) as a second supraregional organisation helped 
to determine the present form of the RSA. PRSCO adopted its own constitution 
and operating procedures, just as the European Organising Committee had done 
a few years earlier. Led decisively by the secretaries of the Western RSA and the 
Japan Section, Lay Gibson and Hirotada Kohno, with the strong encouragement of 
Michael Mischaikow, editor of The Annals of Regional Science, PRSCO became 
an equal and strong pillar of the international RSA. 



4.4 Establishment of the North American Council 



During the 1970s the North American Meetings continued to be organised at the 
University of Pennsylvania. In 1977 the organisation of this conference moved 
with me to the University of Illinois at Urbana-Champaign (UIUC). Subsequently, 
assistance for the organisation of these Meetings was provided by that university. 
When the membership and financial office of the association also moved to UIUC 
in 1987, the excessive concentration of activities became apparent. Moreover, it 
gradually became clear that the North American Meetings, and the highly successful 
sections in North America, were organisationally at odds with the rest of the world, 
which is to say the European and Pacific organisations. How to reorganise the RSA 
and its North American Meetings were debated during RSA Council meetings 
during the early 1980s. 

During my term as RSA President, I initiated discussions to address this organ- 
isational issue, first in a panel discussion held at the Baltimore Meetings in 1987, 
and then at a session to draft a North American Regional Science Council (NARSC) 
constitution at the Toronto Meetings in 1988. Among others, David Plane and Lay 
Gibson were especially helpful in articulating the structure of this third suprare- 
gional organisation of the RSA. NARSC was formally organised in 1989 at Santa 
Barbara with John Current as Executive Secretary. Under the strong leadership of 
R.D. Norton and Barry Moriarty, NARSC organised the Boston Meetings in 1990 
and the New Orleans Meetings in 1991. 
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4,5 World Congresses, Summer Institutes and Graduate Programmes 

The next step beyond the supraregional and section meetings was the establishment 
of the World Congress. The first congress was held on June 14-25, 1980, at Cam- 
bridge, USA, in conjunction with meetings of other international organisations, 
and organised by Walter Isard, Gerald Karaska and myself. Subsequent congresses 
were held in Rotterdam (1984), Jerusalem (1989), Palma de Majorca, Spain (1992), 
Tokyo (1996) and Lugano (2000). 

As noted earlier. Summer Institutes in Regional Science at Berkeley in 1962 
and 1964 were important in drawing young scholars into the field, especially from 
economics and geography. At the suggestion of Walter Isard, Rolf Funck organised 
the First Advanced Studies Institute in Regional Science at the Technical University 
of Karlsruhe in 1970 with 40 young scholars and 13 faculty members in residence. 
Except for the omission of 1976 because of funding difficulties, this Summer In- 
stitute continued on a biannual basis for many years, and for at least the past seven 
years has been organised annually under the aegis of the European RSA. In 1990 
PRSCO organised its first Summer Institute at Bandung, Indonesia, which was held 
subsequently in even-numbered years. Over the past 40 years these institutes have 
been instrumental in attracting young scholars to regional science. 

The 1970s were also a period of expansion of graduate programmes in regional 
science. A first effort to expand beyond Penn was made by Walter Isard in 1966 
by establishing a Regional Science - Landscape Architecture Project in the Gradu- 
ate School of Design at Harvard University. Later, a post-doctoral programme was 
added. Subsequently, Isard moved this programme to Cornell University, where 
regional science was established as a field of Ph.D. study in 1972. In addition to the 
Ph.D. programmes at Penn and Cornell, regional science institutes were founded at 
the University of Aix-Marseille, the Copenhagen School of Economics and Busi- 
ness Administration, and the Technical University of Karlsruhe, Germany, in the 
late 1960s. By 1975 twelve post-graduate programmes in North America, Europe, 
Asia and Australia offered degrees; some programmes offered specialisations in 
related degree programmes such as geography and economics. 



5 Maturing years: 1990-2003 

5,1 Establishment of the RSAI 

The establishment of the three supraregional organisations during 1974-1989 led 
to the reorganisation of the international association in 1989, effective January 1, 
1990. In the new Constitution ratified in late 1989, the association was renamed 
the Regional Science Association International {RSAI), making official the use of 
the term international, which had been used occasionally in newsletters in the late 
1960s. In addition to reorganising the Council to provide for representation from 
the supraregional organisations, as well as at large representatives, the Constitution 
provided for the election of a President with substantial leadership responsibilities, 
as opposed to the previously honorary presidency, and for a term of two years. The 
first President of the reorganised association was Peter Nijkamp, who served during 
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1991-1992. During the transition, Rolf Funck and Rodney Jensen provided strong 
leadership and advice. 

In conjunction with the reorganisation, and the advent of the Internet, an RSAI 
website was established and a Membership Directory was published in 1992, the 
first since 1960-1961. Now websites also exist for the three supraregional organi- 
sations, as well as for many sections. 



5.2 Status of regional science degree programmes 

A serious setback to the field was the demise of the Regional Science Department at 
the University of Pennsylvania. Walter Isard relocated his primary research base to 
Cornell University in 1979, having earlier relinquished the Chair of the Department 
in 1977 in order to focus his energies on Peace Science. Subsequent developments 
at Penn culminated in the closing of the Regional Science Department in December 
1993. Although degree-granting authority remains, the residual faculty has declined 
to admit new students. Despite its eclipse, the impact of the Penn programme has 
been profound, graduating nearly 180 Ph.D. degrees and over 350 masters degrees 
since 1960. 

The regional science programme at Cornell University remains active with 48 
Ph.D. degrees and 60 M.S. degrees awarded since 1975. Degree programmes and 
specialisations in regional science established during the 1970s at universities in 
Asia, Europe and elsewhere in North America have sometimes been reorganised or 
combined with related programmes. These developments generally reflect the evo- 
lution and contraction of academic programmes that has occurred globally during 
the past decade. 



53 Globalisation of regional science 

Since the reorganisation of the association in 1990, increasing attention has again 
been paid to establishing sections, conferences and institutes throughout the world. 
The establishment of the PRSCO Summer Institute in 1990 has already been men- 
tioned. Efforts to organise conferences in Latin America, not regularly held since 
the 1960s, have been emphasised. The 2003 Pacific Conference was held in Aca- 
pulco as a result. In January 2000 an International Symposium on Regional Science 
was held at Port Elizabeth, South Africa, at which international scholars and South 
African scholars met for the first time. This meeting led to a decision by the RSAI 
Council to hold the 2004 World Congress at Port Elizabeth. 



6 Publications 

In contrast to the status of some regional science academic programmes, publica- 
tions of journals and books in the field continue to flourish together with conferences 
and Summer Institutes. In this section the history of regional science publications 
is briefly reviewed. 
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6.1 Papers 

The first publication in the field of regional science in 1 955 was Papers and Proceed- 
ings, The Regional Science Association. Originally, Papers consisted of selected 
papers presented at the annual meetings together with programmes and minutes 
of business meetings. Subsequently, in 1962 the Papers from the newly founded 
European Congress were added to this series. And, finally in 1981, Papers from 
the Pacific Conference were added, as noted earlier. An Index to the first 50 vol- 
umes of Papers, 1955-1982 was published in 1984. The publication of volumes 
of selected papers from these three conferences continued through the Volume 69 
(1990). A new journal. Papers in Regional Science, was established in 1991 with 
editors drawn from the three supraregional organisations under the leadership of an 
Editor-in-Chief. The past aim of the editors of Papers, to publish selected papers 
as articles from the three supraregional conferences, was expanded with the goal 
of making Papers in Regional Science the quarterly flagship journal for the Asso- 
ciation. Papers in Regional Science became a Springer journal in 1999, replacing 
informal publishing and marketing arrangements. Together, Papers of the RSA and 
Papers in Regional Science constitute a 50-year record of scholarship in the field 
of regional science. Many editors have contributed to the overall longevity and 
success of this publication. 



6.2 Journal of Regional Science 

The Journal of Regional Science (JRS) was founded by Walter Isard in 1958, and 
edited by him and several others throughout its history. Benjamin Stevens was a 
long-time editor, and later publisher, from Volume 4 (1962) to Volume 37 (1997), 
and Ronald Miller was its Managing Editor from Volume 5 (1963) to Volume 36 
(1996). With Volume 33 (1993), Blackwell Publishers became the publisher of 
JRS, under Stevens’s watchful eye until his death in December 1997. JRS helped to 
establish regional science by achieving a high standing among economic journals. 
It continues as one of the central journals of the field. 



6.3 The Annals of Regional Science 

The Annals of Regional Science {ARS) was first published in December 1967 by 
the Western RSA in co-operation with Western Washington State College. Volume 
2 (1968) lists Michael Mischaikow as editor, who continued his work for the next 
20 years. Beginning with Volume 23 (1989), The Annals was acquired by Springer. 
ARS continues today as one of the principal regional science journals. 



6.4 Publications of Pion Limited 

A small London-based publisher, Pion Limited, agreed in 1968 to publish Lon- 
don Papers in Regional Science, selected papers from the annual British Section 
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meeting. In the following year, Alan Wilson founded Environment and Planning 
with the same publisher. At the outset the journal had a strong regional science 
orientation; by design, it has expanded and diversified into four journals with a 
very broad social science scope. One of the principals, John Ashby, was especially 
helpful and enthusiastic in establishing these journals and serials. London Papers 
appeared annually, 1969-1991; it was then converted to European Research in 
Regional Science, which continues to the present. 



6.5 Regional Science and Urban Economics 

Regional and Urban Economics, Operational Methods, was founded by Jean 
Paelinck in May 1971, and published by North-Holland. The publishers appointed 
Ake Andersson and Walter Isard as co-editors in 1974, and the journal’s name was 
changed to Regional Science and Urban Economics {RSUE) with Volume 5 (1975). 
The journal continues as a major outlet for more technically-oriented articles. 



6.6 International Regional Science Review 

Walter Isard founded the International Regional Science Review (IRSR) in 1975 
“to facilitate the publication of papers of a less technical, and possibly less ortho- 
dox, nature than found in the Journal of Regional Science''. Andrew Isserman was 
appointed editor in 1976 and developed the Review into a principal regional sci- 
ence journal with a strong policy bent. With Volume 22 (1999), Sage Publications 
became publisher of IRSR. 



6.7 Publications of sections 

Most sections of the RSAI successfully publish journals or proceedings of their 
annual meetings. Several of these are constituted as journals, while others are serials 
issued annually of semi-annually. To my knowledge, only The Annals has achieved 
the status of a journal with a commercial publisher. 



6.8 Monographs in regional science 

In addition to journals, publication of research monographs and textbooks is nec- 
essary to establish and sustain an academic field. Presumably due to its novelty, 
the publication of books in regional science did not occur easily. Elsewhere, Wal- 
ter Isard (2003) has described his frustration with the rejection of his first major 
manuscript by several publishers. 

Isard achieved a breakthrough with the publication of his Location and Space 
Economy by M.I.T.’s Technology Press and John Wiley and Sons in 1956. The book 
was so successful that he had little difficulty in convincing the Press to publish 
his next three books: Industrial Complex Analysis and Regional Development with 
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Eugene Schooler and Thomas Vietorisz in 1959; Methods of Regional Analysis with 
others in 1960; and General Theory: Social, Political, Economic and Regional with 
Tony Smith and others in 1969. A successful book series in regional science was 
also established by MIT Press. 

As noted above, Pion began publishing regional science serials and journals 
in 1969, and offered a number of important monographs from 1970 onwards. In 
the mid-1970s North-Holland established a series in Regional Science and Urban 
Economics, under the editorship of Andersson and Isard, which published many 
monographs of a highly technical nature. Springer entered the regional science field 
during the 1980s with a series edited by Peter Nijkamp. During the past 20 years, 
the number of publishers in the field has proliferated and includes Ashgate, Ave- 
bury, Croom Helm, Edward Elgar, Elsevier, Gower, John Wiley and Sons, Kluwer, 
Martinus Nijhoff, and Routledge. Various research institutes have also served as 
publishers. The Regional Science Research Institute with its monograph and bibli- 
ography series is an early example. 

7 Administration of the RSA/RSAI 

Over the years Walter Isard sought to keep the administrative efforts required to 
operate the Association to a bare minimum. Initially, the cost of correspondence 
and newsletters was borne by research projects, including the Harvard Economic 
Research Project led by Leontief. Following the formation of the RSA, individuals 
were encouraged to send in one dollar to defray the costs of publication of the 
Papers. The institutions at which Isard was based also contributed heavily to the 
costs of operations, often unknowingly, one presumes. 

Sometime after Isard moved to the University of Pennsylvania in 1956, a small 
membership and financial records office was established. For many years this func- 
tion was performed by Helen Wood. I first met her in a tiny office at 39th and 
Chestnut Streets in Philadelphia, where the Philadelphia Input-Output Study was 
housed beginning about 1963. Helen continued working at that location even after 
Isard moved to Cornell University in 1979. She then performed those functions 
working in her home. Isard continued to oversee the financial affairs of the Asso- 
ciation until the membership and financial records were moved to the University 
of Illinois at Urbana-Champaign (UIUC) in 1987. Mrs. Wood was recognised for 
her long-time service to the RSA at the North American Meetings at Philadelphia 
in 1985. 

Soon after I moved to the University of Illinois at Urbana-Champaign in 1977, 
Geoffrey Hewings succeeded me as Secretary, and assumed responsibility for the 
RSA Newsletter. I continued to organise the North American Meetings, and sought 
to co-ordinate other supraregional meetings with the overall activities of the Asso- 
ciation. Office space for the RSA Secretary was found in a small building known 
as the Observatory, which actually did house an old telescope. Funds were secured 
from UIUC for part-time clerical support. 

In 1982 Beth Carbonneau joined the office staff, and quickly became central to 
the functioning of the office. Over time she assisted me greatly with the organisation 
of the North American Meetings and with correspondence with section officers, well 
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before the advent of e-mail. Some time after Beth arrived, the entire inventory of 
the Papers of the RSA was moved by a truck driven by UIUC graduate students 
from Philadelphia to Urbana. The inventory was stored in discarded file cabinets 
in a large basement storage room under the telescope, filling perhaps 30 cabinets. 
At one point, some volumes left on the floor were damaged by termites, which 
according to one wag, had a distinct preference for pages dense with equations. 

Orders for individual volumes of Papers were received by Helen in Philadelphia 
and forwarded to Beth for mailing. Unfortunately, for many of the volumes, supply 
greatly exceeded demand, and storage increasingly became a problem as the years 
passed and the number of volumes in inventory increased by five volumes every 
two years. 

As noted, in 1987 the membership and financial records were transferred to the 
office at UIUC, and responsibility for them was assumed by Beth. Assistance in 
establishing computer-based membership and financial records was secured, and 
has generally worked well, despite early false starts. A part-time accountant was 
hired, and later a clerical worker to handle library subscriptions, both of whom 
were supervised and co-ordinated by Beth, by now promoted to Assistant Director. 
Mailings of newsletters and Papers were performed in this office, with boxes of 
materials frequently driven to the University mailroom by the Assistant Director in 
her own car. Mrs. Carbonneau received a Special Recognition Award at the 42nd 
North American Meetings for her dedicated service to the RSAI. 

With the reorganisation of the Association in 1990 to become the RSAI, Ge- 
offrey Hewings became the first (unpaid) Executive Director. He continued in this 
role through 1996, when he was succeeded by Kieran Donaghy, a graduate of the 
Ph.D. programme in regional science at Cornell University. Donaghy performed 
these duties through the end of 2002. In 2003 Graham Clarke has taken over the 
administrative direction of the RSAI; plans to move the administrative functions to 
a European location are in progress. 

Beginning with Volume 46 (1981) of Papers of the RSA through Volume 77 
(1998) of Papers in Regional Science, typesetting and printing were performed by 
the Office of Printing Services of UIUC. H.F. “Bill” Williamson served as Managing 
Editor of Papers during this period. He also performed a similar function for the 
International Regional Science Review. 

In 1978 Barclay Jones proposed the establishment of the Regional Science 
Archives at Cornell University Library, and was appointed Archivist of the RSA. 
He arranged for the accumulated files and papers of Walter Isard to be moved from 
Philadelphia to Ithaca when Isard moved to Cornell in 1979. Without his assistance 
one wonders what correspondence and records might have been lost. When Jones 
died in May 1997, 1 succeeded him in December of the same year. Walter Isard has 
worked tirelessly in recent years to organise his materials in the Regional Science 
Archives, and to write his History. 
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8 Accomplishments of fifty years 

Stepping back, what can one say about the events of the past 50 years, and more? 

First, an entirely new field of scholarly activity has been founded and rooted, 
and is now thriving throughout the world. The field is robust and dynamic, and is 
making substantial contributions to both science and policy. 

Second, the success of regional science, as in its formative period before 1954, 
has been to provide a locus for scholars and professionals from a wide range of 
disciplines concerned with regional, and interregional, phenomena at all geographic 
scales to interact. Their interactions occur through conferences, periodicals, books, 
the Internet, and in other ways. This interaction also occurs in classrooms and 
research laboratories of academe, in offices of the public and private sectors, and 
wherever and whenever regional scientists meet. The disciplines that contribute 
to this interchange are diverse; their centre lies in the social sciences, but they 
certainly extend to the physical sciences, engineering and even to the humanities. 
In this sense regional science is truly an interdisciplinary field. 

Third, what is equally clear is that regional science has not become a discipline, 
and taken its place along side the above disciplines in the granting of graduate 
degrees. Efforts to establish graduate programmes seem to be on the wane. Although 
this may be regrettable, the field of regional science as an interdisciplinary locus 
may be stronger as a result. 

Finally, I believe we may conclude that the prospects for regional science are 
very bright. Our field contributes a broader and deeper framework for the analysis 
and modeling of regional phenomena, and the solution of large-scale regional and 
interregional problems, than other fields. We are stronger from our interdisciplinary 
perspective and foundations, and less likely to be hindered by the rigidities of 
comfortable, yet unrealistic, disciplinary conventions and habits. Building upon 
our rich heritage of more than 50 years, I forecast only continuing success. 
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1951, November 17 A session on regional economics is held at the Southern Economic Association convention in Knoxville. 

1951, December 27 A paper on Current Developments in Interregional and Regional Input-Output Analysis and seven additional papers are presented at the 

American Economic Association and Econometric Society meetings in Boston, followed by a discussion with more than 40 participants. 

1952, April 25 An interdisciplinary meeting on metropolitan regional research is held at the American Institute of Planners convention. 




1952, August 7 A regional research meeting with more than 20 participants is held at the Association of American Geographers conference in Washington, 

D.C. 
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organisations. A full programme of papers is presented. 




1956, April 1 3 Isard announces in a letter to Regional Scientists the establishment of the Ph.D. programme in regional science at the University of Pennsyl- 

vania. The programme is established in the Wharton School, which also houses the Economics, Political Science and Sociology Departments. 
The Chair of the programme is Walter Isard, who joins the faculty of the Economics Department. The Program is administered by an inter- 
disciplinary committee with members from economics, geography, political science, city planning, and civil engineering. Accompanying 
Isard to Philadelphia are his Ph.D. students, Gerald Carrothers and Benjamin Stevens. Carrothers and Stevens become faculty members in 
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Berkeley and Harvard University. 




1960 The MIT Press and John Wiley and Sons publish Methods of Regional Analysis by Walter Isard and others. 

1960, December The RSA Constitution is amended to permit the formation of sections. 

1961, January 31 A letter to the membership reports on recent elections for 1961, including the election of the Honorary Chairman, Walter Isard. 

1961, March 30-April 1 At Las Vegas, members of the RSA form the Western Section under the newly adopted Section Six of the Constitution; the name is changed 
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1 963, November 15-17 The Tenth Annual Meetings of the Regional Science Association are held at the University of Chicago; these Meetings are the first to be held 

separately from the Allied Social Science Associations. At the Business Meeting Isard reports on the formation of the Japan, Midwestern 
(U.S.), Norden, and New England Sections. 

1963, December 6 The Japan Section holds its first meeting in Kyoto, following approval of its Constitution; membership is reported to be 150. 
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the Indian Journal of Regional Science is launched. 

^ October 19 First meeting of the Ghana Section of the RSA is held in Accra, its Constitution being approved in 1966. 

October 29-3 1 The Argentine Section, in the process of formation, meets in Cordoba; the Constitution is approved in 1968. 

^ December The Annals of Regional Science is initiated by the Western Regional Science Association; following 22 years of publication under the 

editorship of Michael Mischaikow, The Annals is reorganised as a Springer journal. 
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1970, July 20-August 14 The First Advanced Studies Institute in Regional Science is held at the Technical University of Karlsruhe, Germany. Over 40 young faculty 

and professionals attend, together with 13 senior faculty lecturers. 

1971, March 1 9-21 The First Northeast Regional Science Conference is held in Binghamton. Earlier, the Council approved the formation of the Middle Atlantic 

Section, bringing the number of sections to 19. 
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The Annual Guide to Regional Science Degree Programs lists twelve post-graduate programmes in North American, Europe, Asia, and 
Australia. The number of serial publications with papers from conferences is six, plus eight journals and several monograph and book series. 

International Regional Science Review is issued by the Association, edited by Walter Isard. Subsequently, Andrew Isserman is appointed 
editor, and develops Review into one of the principal regional science journals. 




1 976 Walter Isard is awarded an honorary degree by the Poznan Academy of Economics. Subsequently, he receives honorary degrees from Erasmus 

University, Rotterdam, 1978; University of Karlsruhe, 1979; Umea University, Sweden, 1980; University of Illinois at Urbana-Champaign, 
1982; Binghamton University, 1997; and University of Geneva, 2002. 

1976, October 7-9 The Spain Section organises its first meeting, and its Constitution is subsequently approved. 
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1978 The Institute of Public Affairs at Dalhousie University commences publication of Canadian Journal of Regional Science. 

1979, May The active RSA sections, associations and conference organisations are as follows: Australian and New Zealand; British; Canadian; Dutch; 

French Language; German Speaking; Hungarian; Indian; Italian; Japan; Mid-Continent; Norden; Northeast; Southern; Western. 




1979 Walter Isard moves from the University of Pennsylvania to Cornell University. 
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responsibility for membership records, in addition to her other duties. 

1987, August 3 1 -September 2 The first meeting of the Turkish Section is held. 

1987, November 8 A panel discussion on the reorganisation of the RSA is held at the North American Meetings in Baltimore. The panel consists of: David 

Boyce, Chair, Peter Nijkamp, European Congress; Norman Glickman, North American Meetings; and Lay Gibson, Pacific Conference. 




1988, November 10 A meeting of leaders of the five sections in North America, and long-term participants in the North American Meetings is held in Toronto to 

explore the formation of the North American Regional Science Council (NARSC). The Council, paralleling the previous establishment of 
the European Organising Committee and the Pacific Regional Science Conference Organisation, will take responsibility for the organisation 
of the North American Meetings. The concept of the Council is presented to the participants of the North American Meetings on Nov. 1 1 
at a Forum on the Future of the RSA chaired by David Boyce. 
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1992, May 26-30 The Fourth World Congress of the RSAI is held in Palma de Majorca, Spain. 

1992, October The first meeting of the Chinese Section is held in Beijing. 

1992, December RSAI Directory 1992 is published, the first directory of the association since 1960-1961; Directory is published biannually, 1994-1998, 

and then placed on the RSAI website. 
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Abstract. This article presents a collection of regional science books that long- 
standing members of the Regional Science Association International (RS AI) iden- 
tified as path-breaking books. The most frequently nominated books include the 
“classics” by Isard, the seminal books in urban economics by Alonso, Muth and 
Mills, methods books by Miemyk, Wilson, Anselin, and Cliff and Ord, textbooks by 
Beckmann and Richardson, as well as the recent contribution by Fujita, Krugman 
and Venables. Reviews of these books, written by leading scholars from different 
continents, make up the major contribution of this article and are a testimony to the 
far-reaching influence of regional science in the academic literature. 

JEL classification: A2, B2, B3, COO, ROO 

Key words: Regional science, urban economics, spatial methods. New Economic 
Geography, history 



1 Introduction 

What are the path-breaking books in regional science written during the last five 
decades? I was confronted with that question when the editors of this Golden 
Anniversary issue asked me to assemble reviews of regional science books that 
put forward innovative ideas and had a lasting impact. So as not to rely solely on 
my own judgment, I decided to pose that question to longstanding members of the 
regional science community. Thus, in early April 2003, 1 asked 118 members of 
RS AI to suggest path-breaking books in regional science. I did not pose limitations 
on the number of suggestions, but indicated that they may want to suggest one book 
for each of the last five decades. 



See the Appendix for contributors’ affiliations and contact information. 
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Let me emphasise from the outset that this “survey” was not designed to meet 
scientific standards, but simply to include opinions from a wider range of regional 
scientists across the world. Consequently, any possible subjectivity mdfaux pas 
one can imagine, is probably applicable to the “survey”. Despite these caveats, 
some results are quite interesting, starting with the fact that many respondents were 
quite eager to know the survey outcome, asking me for a heads-up summary of the 
results. 

In this article I will therefore provide an overview of the main results of the 
informal survey and introduce the most frequently nominated books. The main 
contributions of the article are, however, the excellent in-depth reviews of some 
of the most path-breaking books in regional science. These reviews, written by 
leading scholars from four countries, are a testimony to the far-reaching influence 
of regional science in the academic literature. 



2 Overview of path-breaking books in regional science 

Sixty-seven regional scientists responded to my question and provided one or more 
book suggestions. The respondents come from a wide variety of disciplines, with 
economics (26), geography (20) and planning (10) being the most dominant. Other 
disciplinary backgrounds of the respondents include agricultural economics, civil 
engineering, business, demography, and public policy. The vast majority of res- 
pondents is affiliated with an academic institution in North America, followed by 
respondents from Europe. Unfortunately, respondents from the Pacific countries 
are underrepresented (see Table 1). 



Table 1. Distribution of contacted persons and respondents 
across the supra-regions of RS AI 





ERSA 


NARSC 


PRSCO 


Total 


Contacted 


41 


69 


8 


118 


Responded 


20 


46 


1 


67 


Response rate 


48.8% 


66.7% 


12.5% 


56.8% 



Before discussing the long list of suggested books in greater detail, I would like 
to briefly summarise some general (unsolicited) comments by respondents. These 
comments can be grouped under two themes. First, the phrasing of the question, 
especially the label “path-breaking” invoked interesting comments. Some respon- 
dents defined explicitly - prior to making their nominations - how they interpret the 
label “path-breaking”. For example, some emphasised that “path-breaking” is dif- 
ferent from “famous”, “important”, and “influential”. One respondent even pointed 
out that the set of “path-breaking” books and the set of “influential” books only 
share a negligible intersect. 

Second, there seemed to be a widespread sense that it is easier to identify path- 
breaking books for the earlier than for the later decades, because it is difficult or 
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% of books 
30 -I 

25 - 




1950s 1960s 1970s 1980s 199(>f publication 

Fig. 1. Nominated books by year of publication 



even impossible to judge whether a more recently published book will indeed be 
path-breaking. Moreover, several respondents pointed out that there has been a 
change in the type of outlet for scholarly work. That is, since the 1970s, refereed 
journals have increasingly become the preferred outlet over books and monographs 
so that, it is argued, path-breaking ideas are first published in journal articles. The 
implied bias towards nominations from the earlier decades does indeed emerge, 
with the majority of nominated books being published during only two of the five 
decades: 23.4% of the nominated books were published in the 1960s, and 28.2% 
in the 1970s (see Fig. 1). 

The nominations amount to an impressive and to me unexpectedly high total of 
118 non-edited books. ^ Seven books pre-date the last 50 years. Not surprisingly, 
they include the scholarly work by the early pioneers of regional science: von 
Thiinen, Losch, Christaller, Hoover, Leontief, Marshall and Zipf.^ An additional 
7 1 books were suggested by only one respondent. I will concentrate here on the 
remaining 40 books that received two or more votes. 

Neither I nor any of the regional scientists with whom I discussed the survey 
results expressed any sign of astonishment when learning who the “winners” of 
the survey are, namely the two early books by Walter Isard - Location and Space 
Economy (1956) and Methods of Regional Science (1960) - and Bill Alonso’s 
Location and Land Use (1964). These three books lead the nominations by a wide 
margin (see Fig. 2) and there seems to be a universal sense that they are the “classics” 
of regional science. This nearly ubiquitous support is sometimes expressed in a 
matter-of-fact fashion with statements like “ . . . and, of course, the Isard books” or 
“ . . . certainly, Alonso’s Location and Land Use must also be included”. As Kieran 
Donaghy and Daniel Shefer document in their insightful reviews, the far-reaching 



^ In addition, 1 1 edited books were suggested, but none receiving more than two votes. 

^ Arranged by the number of nominations, the set of pre-1950 books includes: Losch (1940) with 
8, Hoover (1948) with 6, Christaller (1933) with 4, Leontief (1941) with 2, and Marshall (1919), von 
Thiinen (1826) and Zipf (1949) with one nomination each. 
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Isard ct al. (I960) with 33. Isard (1956) with 29. Alonso ( 1964) with 26 



Fujita et al. ( 1999) with 13. Wilson (1970) with 13. Ansclin (1988) with 10 



Beckmann (1968), Kmgnuin (1991). Mills (1972). Muih (1969) 



Cliff and Ord ( 1973) and ( 1 981 ). Fujita (1989) 
Haggett (l%5), Micmyk ( 1965), Richardson (1969) 



Bluestonc and Harrison (1982), Markusen (1985) 

Beckmann. McGuire and Winsicn (1956). Grocnhui (1963). Hiigerstrand (1953). 
Padinck and Klaassen (1979). Richardson (1973), Saxenian (1994), Wilson (1974) 



' ^ 1 1 1 ' ' ' Number 

0 2 4 6 8 10 12 14 16 ofbooks 



* Sixteen books received two nominations each: Batty (1976), Berry (1967), Berry and Horton (1970), Borts and Stein 
(1964), Fujita and Thisse (2002), Henderson (1988), Jacobs (1969), Lowry (1964), Miller and Blair (1985), Myrdal 
(1957), Perloff, Dunn, Lampard and Muth (1960), Ponsard (1958), Richardson (1972), Richardson (1977), Sen and 
Smith (1995), Treyz (1993). 



Fig. 2. The most frequently nominated books 



influence of these regional science classics - in terms of both research and graduate 
teaching - cannot be over-estimated. 

While the announcement of these three classics as the “winners” seems to be 
almost anti-climactic, this is not the case for books belonging to the second tier of 
frequently nominated books. This second tier includes the recent book on the New 
Economic Geography by Fujita, Krugman and Venables (1999). Manas Chatterji 
labels the book as a “breakthrough” and expresses the hope that “it will bring some 
vitality and new directions in regional science”. I should emphasise that the Fujita 
et al. book not only received many nominations but that it also received a great deal 
of attention from respondents who did not include it in their lists of path-breaking 
books. Some stated explicitly that it is too early to assess whether the book will 
indeed be path-breaking. 

The second tier also includes two methods books. The first is Wilson’s (1970) 
book, which introduced entropy maximisation to regional science. As Michael Batty 
points out in his review, it was “Wilson’s charisma and gentle mathematical style” 
that helped popularising and adapting this complex, but in thermodynamics well- 
established method. The second methods book is Anselin’s (1988) contribution on 
spatial econometrics. In his review, Bernard Fingleton places Anselin’s book at 
the very core of spatial econometrics and emphasises its impact in advancing the 
research frontier in this area. Interestingly, the support for the two methods books 
is anchored in different continents. Wilson’s work on entropy maximisation has 
particularly strong support among European regional scientists. In fact, among the 
European responses, Wilson’s book ranks second following Isard’s Location and 
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Space Economy. The support for Anselin’s book, on the other hand, is much more 
a North American phenomenon. 

The third layer with five to seven nominations includes five books from the 
1960s (Haggett 1965; Miemyk 1965; Beckmann 1968; Muth 1969; Richardson 
1969), two from the 1970s (Mills 1972; Cliff and Ord 1973, 1981), and one each 
from the late 1980s and early 1990s (Fujita 1989; Krugman 1991). This is a diverse 
collection that prominently features books on location analysis and urban eco- 
nomics, but also includes methods books and textbooks. The pivotal role of urban 
economics in the field of regional science is manifested in the frequent nominations 
of the books by Muth and Mills. They are, according to Daniel McMillen, “for- 
ever linked as the two classic expositions of the monocentric city model” and - as 
Michael Greenwood points out - together with the work of Alonso, they constitute 
the “basic early literature” of urban economics. 

The important role of textbooks in the regional science literature is nicely eval- 
uated in Peter Schaeffer’s review of Richardson (1969). Schaeffer argues that text- 
books not only contribute by defining the field and facilitating teaching, but that 
they also contribute to the health of a discipline. Similarly, the importance of text- 
books is stressed in Gordon Mulligan’s review when he praises Beckmann’s (1968) 
“great success in bringing the main tenets of location theory to an entire generation 
of graduate students”. 

This third layer also includes two methods books. The first is Cliff and Ord’s 
Spatial Autocorrelation and its expanded successor Spatial Processes: Models and 
Applications. In his review, Arthur Getis starts off by mentioning his excitement 
when the book was first published. He also pays tribute to the seminal contribu- 
tions and enormous impact of Cliff and Ord’s ideas in subsequent decades. This 
is not surprising given that scholarly work in regional science has a tradition of 
being thoroughly anchored not only in theory but also in state-of-the-art quanti- 
tative methods and models, especially work that tackles the challenges inherent 
in spatial data. The second methods book of this layer is Miemyk’ s 1965 book 
on input-output analysis. In his interesting review, Jan Oosterhaven wonders why 
respondents selected Miemyk’ s 1965 -book as opposed to his 1967 book. 

Books receiving two to four nominations seem to be much more specialised than 
methods books, textbooks and the classics of regional science. In fact, many books 
of this layer may only be known to regional scientists with expertise in a particular 
field. An example is Economics of Transportation by Beckmann, McGuire and 
Winsten (1956). 

In this set of books we also see differences between North American and Euro- 
pean nominations. Some of these continental differences may be due to the specific 
topic as may, for example, be the case with Bluestone and Harrison’s The Deindus- 
trialization of North America. But even among other nominations, it happens quite 
frequently that the support comes exclusively from North Americans (this is some- 
what understandable given the much smaller number of European respondents). 
Examples are the books by Saxenian (1994) and, despite the authors’ European 
affiliation, the book by Paelinck and Klaassen (1979). 

Finally, I should note that all books nominated by more than one respondent 
were either originally written in English or, as the books by Hagerstrand (1953) 
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and Ponsard (1958), were later translated into English. But there are also a few 
nominations of French- and German-language books that, unfortunately, were never 
translated into English and thus remained unknown to a wider audience. Examples 
include L 'economie au XXeme siecle by Perroux (1961), Aydalot’s ( 1 985) Economie 
regionale et urbaine, and Biehl et al. (1975) BestimmungsgrUnde des regionalen 
Entwicklungspotentials. 



3 In-depth reviews 

This section present reviews of some of the most frequently nominated path- 
breaking books in regional science. I had asked each author to write a “non- 
traditional” review focusing on the “broad picture”, addressing questions such as 
why can the book’s ideas be considered innovative and how did the ideas penetrate 
and shape the subsequent scholarly writing in regional science and beyond. The 
collection of reviews starts off with the review of Isard’s Location and Space Econ- 
omy, which marks the beginning of regional science. The second group includes 
the reviews on the early literature of urban economics. The third group contains 
reviews of four methods books. Next are reviews of two important textbooks in re- 
gional science. Finally, the collection of reviews concludes with a review of Fujita, 
Krugman and Venables (1999) - a book that may very well signal a new paradigm 
for regional science in the future. 



3.1 The beginnings 

3.1.1 Kieran Donaghy on Isard’s Location and Space Economy (1956) 

One of the books that regional scientists have identified as being most influen- 
tial is, unsurprisingly, Walter Isard’s Location and Space Economy.^ Published in 
1956, it was arguably the first “classic” in the field of regional science and was 
the first volume of what would become a four- volume series that included Meth- 
ods of Regional Analysis: An Introduction to Regional Science (1960), General 
Theory: Social, Political, Economic, and Regional with Particular Reference to 
Decision-Making Analysis (1968), and Spatial Dynamics and Optimal Space-Time 
Development (1979), each of which Isard wrote with several co-authors. 

Location and Space Economy consolidated and extended much of Isard’s re- 
search dating back to the early 1940s. For many regional scientists not literate in 
German, the critical contributions of the volume were the introduction it provided 
to the classic works of Weber, von Thiinen, Losch, Christaller, Palander and others, 
and the survey and classification of more recent works in English by Hotelling, 
Hoover, and Chamberlin. But to discern the author’s ambition for the work, one 
needs to look no further than the subtitle: A General Theory Relating to Industrial 
Location, Market Areas, Land Use, Trade, and Urban Structure. Isard’s intent was 

^ Reprints of this classic may be obtained from the Program in Urban and Regional Studies in the 
Department of City and Regional Planning of Cornell University. 
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not only to press the case for the centrality (or co-fundamentality) of space as a 
dimension of socio-economic analysis, but also to give coherent organisation to, 
and unify wherever possible, what had been a fairly disparate body of work. 

The book opens with an intuitive motivation of interest in the subject matter 
and demonstration of the need for a theoretical treatment of location and regional 
phenomena. It proceeds to a review of general (as distinct from partial) theories 
of location and space economy and a discussion of some empirical regularities of 
location and space. Following a development of the concepts of a “transport input” 
(one ton-mile) and the “transport rate” (the price of a transport input) come five 
central and substantive chapters on the locational equilibrium of the firm (transport 
orientation and other), market and supply area analysis, agglomeration analysis and 
agricultural location theory, and some basic interrelations of location and trade the- 
ory. Thus far into the volume the presentation of the argument has been graphical in 
nature. The tenth chapter, however, provides a mathematical formulation that gives 
rise to a general location principle that embodies Weberian transport orientation, 
market (and purchasing) area theory, Losch’s spatial designs, and von Thiinen’s 
agricultural location theory. This principle, that “the marginal rate of substitution 
between any two transport inputs or groups of transport inputs [...] must equal the 
reciprocal of the ratio of their transport rates” (p. 252), allowed Isard to restate 
location theory in a form compatible with production theory. And by incorporating 
transport inputs in a transformation function, so as to obtain a spatial transforma- 
tion function, he was able to extend existing production theory so that it explicitly 
incorporated location factors and made possible comparative static analyses. The 
volume concludes with a partial graphic synthesis and summary. 

Location and Space Economy is remarkable for a number of reasons. It is the 
work of a confident scholar completely at home in the literature. Isard knows other 
theorists’ work inside and out, what they sought to explain, how they proceeded, and 
how they might have proceeded differently. He is careful to comment on the reason- 
ableness of assumptions and on other work that is based on alternative assumptions, 
all the while mindful of the need to push toward explanations of empirical regu- 
larities. The writing is rich with the history of ideas but also very much engaged 
with contemporaneous scholarship. It is interesting to read in the recently published 
history of the early years of regional science and the RSAI (Isard 2003), Isard’s 
accounting of his intellectual influences and how he came to work on the material 
that would become Location and Space Economy. Walter Isard is a master of expo- 
sition, crafting arguments that are intended to be accessible to the widest audience 
that would be interested in the subject. The influences of Jacob Viner and Joseph 
Schumpeter are evident here. Students in his classes on location theory will recall 
how he elicited from them each step in the development of the subject, making the 
progression of ideas seem obvious and inevitable. 
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Location and Space Economy is also remarkable for the clear statement, if not 
formal treatment, it gives to the roles that centripetal and centrifugal forces, scale 
economies, and monopolistic competition (of the Chamberlin variety) have to play 
in explaining the transformation of locational structures. The contrast between 
the narrative account of this transformation in terms of dynamic disequilibrium 
adjustments and the static equilibrium orientation of the formal analysis points up 
the gap between what at that time was understood and could be described and 
explained and what could be modelled formally. Isard would later redress this 
situation in Chapter 10 of his Spatial Dynamics. 

While Location and Space Economy was a scholarly contribution of the first 
order, it met with less than complete success as an exemplar of an interdisciplinary 
approach to spatial social science. Potential contributions of human ecology, ge- 
ography, and other disciplines to our understanding of the book’s subjects are fre- 
quently indicated. Still, much of Location and Space Economy reads like a work 
in economics written to gain economists’ acceptance of its principal arguments. 
This is quite understandable, considering the journals in which many of the book’s 
chapters were originally published as articles. As noted in the book’s preface, the 
much more disciplinarily eclectic Methods of Regional Analysis, the handbook - 
if not bible - of practitioners of regional analysis for the next several decades, was 
already in production. 

In retrospect, the role Location and Space Economy seems to have played in 
opening up a new and practically oriented interdisciplinary field of study was to 
establish theoretical credentials with the most conservative and critical of audiences. 



3.2 The early literature in urban economics 

3.2.1 Daniel Shefer on Alonso’s Location and Land Use (1964) 

This is not another review of a freshly published book, where the reviewer’s task is 
to assess the value and contribution of the work to the state-of-the-art in the relevant 
subjects and areas. Nor is this an ex-ante valuation of the expected scientific impact 
of a book. Instead, the current review is an ex-post evaluation of a book that was 
published almost 40 years ago. Therefore, it is vital to look back and give an honest 
assessment of the past as well as the present influence of that book on the scientific 
work of scholars the world over, as well as on the evolving fields of regional science 
in general, and urban and regional economics in particular. 

Alonso’s book derived from his Ph.D. dissertation, which he completed for the 
Department of Regional Science at the University of Pennsylvania in Philadelphia. 
He carried out his research work under the joint supervision of Walter Isard, the 
founding father of the field of regional science, and the late Ben Stevens. He was the 
first doctoral student to graduate from the newly formed Department of Regional 
Science. 

The book consists of six chapters and an extensive set of nine appendices. The 
first chapter gives a historical overview of the economies of urban land. It weaves 
the contribution of the forefathers of the field of economics, particularly Ricardo 
and von Thiinen, quite nicely and succinctly into the work of twentieth century 
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urban economists and geographers on land value and land economics. This chapter 
sets the stage for the second chapter, on equilibrium of the household, which I 
consider to be a major breakthrough and a significant contribution to the area of 
household location decision in urban areas. 

Alonso constructs his model of the urban location under a set of strict as- 
sumptions. The city lies on a featureless plain, with transportation available in all 
direction. It is a monocentric city, where employment and all goods and services 
are available only in the centre. It is a static model, and therefore it is not possible 
to show changes over time. The individual, who is an “economic man”, has to de- 
cide how much land to acquire and where to locate so as to maximise the level of 
satisfaction. Firms, on the other hand, choose a location that will maximise their 
profits. All consumers and producers are assumed to have perfect knowledge, and 
they are price takers, i.e., it is a perfectly competitive market. 

In Chapter 2, Alonso very elegantly and clearly derives the equilibrium of the 
household, utilising verbal arguments concomitantly with explanations supported 
by diagrams and mathematical notation. He shows how the individual’s equilibrium 
is determined by the optimal combination of the three following variables: distance 
from the Central Business District (CBD), quantity of land consumed and the 
quantity of composite goods. He further shows that, in equilibrium, the marginal 
rate of substitution between any two of the three defined variables is equal to the 
ratio between the marginal utilities, and that the ratio between the marginal utilities 
is equal to the ratio of their respective prices (or marginal costs). 

In Chapters 3 and 4, Alonso develops the concept of the bid rent (price) function. 
Following von Thiinen’s agricultural land-use model, Alonso extends and expands 
the bid-price function from agriculture to the urban context. Using that concept, he 
is able to construct a complete general model of urban-location theory. 

Owing to Alonso’s work, the concept of the bid rent (price) function became the 
main feature of all formal residential location and urban housing market models. “A 
bid price curve of a resident is the set of prices for land the individual could pay at 
various distances (from the centre) while deriving a constant level of satisfaction” 
(p. 59). Alonso develops theories of the consumer and the producer (firm) in a 
spatial context. The household maximises its utility with respect to quantity of 
land, quantity of other goods and location, i.e., distance from the CBD, subject 
to budget constraints. At the individual’s optimal location, the bid-rent function 
will be tangent to the land price- structure curve-supply, or the market price of 
the urban-land market. In contrast to the typical indifference curve, the individual 
maximises the utility function at the point and location where the lowest bid-rent 
function is tangent to the land-price structure curve from above. Likewise the firm 
will maximise its profit at the point, or location, where the firm’s lowest bid-price 
curve is tangent to the urban land-price structure curve. This is due to the inverse 
relationship between land prices and residual profits enjoyed by the firm. At the 
tangent point, the marginal cost equals marginal revenue, thus guaranteeing profit 
maximisation. 

In Chapter 5, Alonso presents the necessary conditions for market equilibrium. 
In equilibrium, no user of land can increase profits or satisfaction by moving to 
another location or changing the amount of land consumed. At the same time, no 
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landlord can increase revenue by changing the price of land. The spatial distribution 
of activities will be determined by the steepness of the activity’s bid-price curve 
so that a steeper bid-price curve out-bids other activities and captures the location 
nearer to the centre. 

Finally, in Chapter 6, Alonso applies his urban-location model to a variety of 
real-life situations, such as an increase in income, population growth and techno- 
logical change. He shows how changes in these parameters will affect household- 
location preference as well as the quantity of land consumed. Technological change 
tends to increase the boundaries of the urban area. Alonso presents hypothetical 
cities with different street patterns that determine city shapes and explains how 
his urban-location model can cope with such situations. Alonso was occupied with 
real-life situations, and therefore he was quit eager to see his theoretical model ap- 
plied to the real world. Most readers of this review will be interested to know about 
the gallant effort made in the late 1950s, early 1960s by the Penn-Jersey Trans- 
portation Study, under the direction of the legendary Britton Harris, to construct a 
comprehensive Urban Land Model. Alonso’s newly developed theoretical model 
of location and land use provided a source of inspiration and a solid foundation for 
the development of the well-known and respected Herbert-Stevens Model (Herbert 
and Stevens 1960). 

I cannot conclude this review without reference to the tremendous impact that 
Alonso’s work has had throughout the years, including the present day, on the 
development of residential location models and housing markets. One cannot but 
be amazed at the large number of citations that his work has received. The Institute 
of Scientific Information, ISI Web of Science, lists more than 900 journal articles 
that have cited his book (this number is an underestimation of the impact given 
that it does not include citations in published books and given that not all relevant 
journals are included in the index). Even in the last couple of years, one cannot 
overlook the large number of references to this book. This is, of course, a living 
testimony to the importance of Alonso’s work and the influence that it has had and 
still has in the field of regional science and urban economics. 

I feel compelled to end this book review with a personal note. In the mid-1960s, 
I was fortunate enough to study with Bill Alonso, who later on became my thesis 
adviser at Harvard University. Even today, after almost 40 years, I still cherish 
those precious years, and I consider myself very lucky to have had the opportunity 
to enjoy his guidance as a teacher and as a mentor. Alonso was a very intelligent 
person and a true intellect. His breadth of knowledge was driven by a never-ending 
curiosity and interest in a wide range of subjects. More than anything, however, 
with his soft-spoken manner and friendly face, he was a wonderful human being 
who always knew how to inspire students and colleagues. I owe a great deal of my 
own development as a teacher and a scholar to him. Sadly, William Alonso died on 
February 11, 1999, at the age of 66. 



3.2.2 Michael J. Greenwood on Muth’s Cities and Housing (1969) 

In 1890 Alfred Marshall stated in his Principles of Economics that “markets vary 
with regard to the period of time which is allowed to the forces of demand and supply 
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to bring themselves into equilibrium with one another, as well as with regard to 
the area over which they extend. And this element of Time requires more careful 
attention just now than does that of Space” (Edition of 1898, p. 408). Marshall’s 
focus on time rather than space helped to shape the orientation of economics during 
the twentieth century and beyond. Nevertheless, although the location theory did 
not hold first place in economic thinking, it had a place, because the economics 
theory of land rent has a long history (Ponsard 1983). 

During the mid-twentieth century, after a hundred years of explosive urban 
growth and with more recent suburbanisation, and the advent of regional and then 
urban economics, the time had come for space to require more careful attention 
than time (although time remains critically important) because clearly, location 
is a primary concern of these disciplines. William Alonso’s Location and Land 
Use, published in 1964, is rightly regarded as a classic treatment of the theory of 
urban residential land use and its relation to urban residential land values. Alonso 
argued that although attention had been paid to other urban land uses, little attention 
had been given to residential land use despite the fact that four-fifths of privately 
developed land in major American cities was devoted to such use. Essentially, the 
Alonso model considers the trade-off between the declining price of land as distance 
from the city centre increases against the increase in commuting costs as distance 
increases. Alonso goes on to show that marginal commuting costs must be less than 
marginal land saving for a household to move a unit distance farther from the central 
business district (CBD), where all employment occurs. Moreover, the household 
will always locate where marginal land saving exceeds marginal commuting costs. 

A second classic in the theory of residential land use followed Alonso’s by five 
years. Richard Muth published Cities and Housing in 1969, which contains much 
of his research conducted between 1959 and 1964, before Alonso’s book appeared. 
The Muth model is more general than the Alonso model because Muth makes 
household commuting costs a function of household income as well as the distance 
that the household must commute to work. For the household, in equilibrium, the 
decrease in expenditures for a given quantity of housing services associated with a 
move away from the CBD must equal the increase in travel costs associated with 
such a move. In other words, the household must be unable to change its full or real 
income by relocating. However, commuting costs are not independent of income 
because the value of one’s time rises with income. Depending upon the increase in 
marginal commuting costs that results from an increase in income, a household’s 
location relative to the CBD could increase or decrease. Because they depend on 
individual preferences regarding leisure time, marginal commuting costs contain 
a subjective time element. Thus the Muth model could explain the location of 
very high income households very close to the CBD, whereas other high income 
households locate on large parcels of land at the city’s fringe. 

Cities and Housing contains 13 chapters divided into three parts. The first part 
(five chapters) is purely theoretical. In addition to his treatment of “the equilibrium 
of the household in urban space” (Chapter 2), Muth considers in Chapter 5 other 
determinants of residential land use, treating several important topics, including 
the age of buildings, as well as racial segregation and discrimination. In Chapter 6 
he focuses on dwelling conditions and thus on the theory of slums. 
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The second part of Cities and Housing also contains five chapters, but these are 
devoted to empirical research. This work constitutes some of the earliest substantive 
empirical (regression) analyses done in the field of study that was to become urban 
economics. The first two empirical chapters deal with urban density functions in the 
United States and the last three with various aspects of population density, dwelling 
unit condition, housing prices, and race in Chicago. The final two chapters, which 
constitute the book’s third part, provide conclusions and policy implications. 

Along with Edwin Mill’s Studies in the Structure of the Urban Economy, pub- 
lished in 1972, and Alonso’s Location and Land Use, Muth’s Cities and Housing 
provides the basic early literature relating directly to that discipline that came to be 
called “urban economics”. Although recent questions have been raised concerning 
the AMM (Alonso, Muth, Mills) model of urban residential land use - due in part 
to diffused employment centres and urban sprawl - these books remain at the core 
of urban economics. 



3.2.3 Daniel P. McMillen on Mills’ Studies in the Structure 
of the U rban Economy (1972) 

A glance at any standard urban economics textbook suggests that the monocentric 
city model of urban spatial structure still dominates urban economic theory, more 
than thirty years after the model was developed. The most common version of 
the model has come to be known as the Muth-Mills model after its progenitors, 
Richard Muth and Edwin Mills. Unlike its predecessors, which typically included 
an assumption that consumers received utility directly from land, the Muth-Mills 
model has a formal housing market in which producers combine land and capital to 
produce housing. Ironically, Muth and Mills have never been co-authors. But Muth’s 
Cities and Housing and Mills’ Studies in the Structure of the Urban Economy are 
forever linked as the two classic expositions of the monocentric city model. 

Mills’ book was published in 1972, three years after Cities and Housing. Unlike 
its predecessor. Mills’ book is not a treatise presenting a theory and subsequent 
empirical testing. Instead, as implied by the title, it is a collection of essays built 
on a single theme, the determinants of urban structure. Muth’s far longer book 
emphasises such urban problems as discrimination in the housing market, slums 
and substandard housing. Mills’ emphasis is on the decentralisation of urban areas. 
Urban problems have remained distressingly similar over time. Still, Studies in the 
Structure of the Urban Economy appears less dated today than Cities and Housing. 
Its central questions are still studied today. Why do firms locate in cities? Why have 
jobs and homes moved to distant sites? What are the consequences of under-priced 
automobiles? 

The book has eight main essays, along with a final chapter that includes some 
suggestions for future work. The first essay is familiar to readers of recent urban 
textbooks. Based on Mills (1967), it asks the question, “Why do cities exist?” 
The answer is scale economies in production, and “regional differences in natural 
conditions that affect production, people’s utilities, and the cost of interregional 
trade” (p. 9). This essay forms the core of much recent work in the New Economic 
Geography. 
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The next three essays provide background for subsequent theoretical chapters. 
Chapter 4’s review of the theoretical literature is mainly of historical interest. The 
other two essays analyse empirical trends that are still relevant today. Chapter 2’s 
documentation of a long-running trend toward decentralisation of population and 
employment remains applicable three decades after the book’s publication. Mills 
also documents a currently applicable trend toward increased urban specialisation 
in service industries. Chapter 3 presents Mills’ well known two-point estimation 
procedure for population and employment density functions. The extremely clever 
use of limited data enables Mills to estimate density functions for as far back as 
1880. 

Mills’ main findings in Chapter 3 continue to apply today: both jobs and res- 
idences are becoming increasingly decentralised over time in a sample of four 
cities, with jobs decentralising faster. A plethora of density function estimates has 
followed; McDonald (1989) summarises the results. Unlike most of these studies, 
Mills uses a second step to analyse the determinants of the decentralisation process. 
He regresses the estimated coefficients on population, income, and a time trend. 
The results have “the striking implication that the cause of the historical flattening 
has been the growth of urban population and income rather than the passage of 
time or whatever it stands for” (p. 56). In a recent manuscript. Mills (forthcoming) 
argues that this understanding of the economic causes of decentralisation is one of 
the most significant contributions of the field. In contrast, terms such as “sprawl” 
and “smart growth” are “political terms and have little substantive content” that 
should “be understood as part of a political protest against private property and 
economic freedom”. 

The rest of the book develops a formal model of urban spatial structure. Mills’ 
approach differs from Muth’s in that he models traffic congestion explicitly. Also, he 
simulates the model because even a simple congestion function makes the model too 
difficult to solve analytically. Though using computer simulations to demonstrate a 
model’s implications is now a standard practice in urban economics, it was rare then. 
Mills’ prescience is shown in the final paragraph of the book, in which he suggests 
that extensions of the model include an analysis of subcentres. Mills defines a 
subcentre as an area outside the city centre with higher land rents than those in 
nearby areas. An obvious example is suburban shopping centres. Less obvious are 
commercial and manufacturing subcentres. “Evidently, such clusters are subject to 
scale and other economies similar to those that produce agglomeration in the CBD. 
But these activities exhaust their economies at a scale that does not require central 
locations” (p. 142). 

Although the monocentric city is less applicable today than at the time of the 
book’s writing, the analytical framework developed by Mills and his contempo- 
raries continues to be used extensively. Bid rent functions are still a basic tool of 
urban economic theory. Density gradients are still used to characterise urban spatial 
structure. Agglomerative economies are still a major research topic, though their 
underlying causes are still not well understood. The causes and consequences of 
decentralisation are still an important research topic. Moreover, the field of urban 
economics owes much of its heritage of close interaction between theory, policy 
and empirical modelling to Mills’ pioneering work. 
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The influence of Studies in the Structure of the Urban Economy cannot be 
separated entirely from Cities and Housing. Together they helped define the field 
of urban economics. Their approaches differ. Whereas Muth follows the classic 
scientific approach of theory followed by empirical verification of the model’s 
predictions, Mills uses empirical findings to guide the theory’s construction. The 
empirical parts of Mills’ book appear less dated than Muth’s. But Muth’s theoretical 
model is closer to that currently being used in textbooks. Both books continue to 
influence current research. That urban economics continues to be recognised as a 
field is in no small part due to these two classic books. 



3.3 Methods in regional science 

3.3.1 Jan Oosterhaven on Miemyk’s Elements of Input-Output Analysis (1965) 

Which one of Miemyk’s input-output books is meant, I wondered, when asked to 
review the Miemyk’s input-output book, voted as one of the path-breaking books 
in regional science over the last 50 years. To be honest, I had not read a single of 
the three Miemyk-books I knew (Miemyk 1965; Miemyk et al. 1967; Miemyk et 
al. 1970). I had only glanced through his 1967-book as late as the early 1980s when 
I became interested in the foremnners of demo-economic models. 

In fact, I learned my input-output from the 40 input-output pages spread over 
Allen (1959), which I had to study for my Masters at the Erasmus University 
in Rotterdam in the late 1960s. Later, during my dissertation research in the late 
seventies, I also consulted Schumann (1968) when the economic dimension - espe- 
cially the price dimension - of input-output analysis was the problem, and Nikaido 
(1970) when mathematical peculiarities were involved. The latter notwithstanding, 
my then-boss Jan Mol warned me not to get bogged down in mathematical exis- 
tence issues. The Dutch and the Groningen economy exist, he said, so surely any 
Leontief-inverse for those economies must exist as well! So, no Miemyk for me 
in those days: there must have been something of a continental input-output divide 
somewhere in the Atlantic. 

Although Schumann (1969) was sharp and useful, I would not have voted for 
Schumann as the path-breaking input-output book. Personally, I would have voted 
for Richardson (1972), not because it is path-breaking, but because it offered by far 
the most comprehensive overview of regional input-output modelling at the time, 
and because it offered a critical perspective on the use of input-output analysis in 
regional economics. I nevertheless accepted the request to write this review, mainly 
because I was curious why the 1965 book had been selected as the path-breaking 
one, whereas looking at citations in the 1980s and 90s, one clearly would have 
thought that Miemyk’s main contribution had to be found in his 1967 book. 

From a science development perspective the contribution of the 1967 book is 
that it sensitised the regional input-output community to the fact that the well- 
known Type II multipliers are not useable in empirical applications, because they 
grossly overstate the so-called induced effects of an exogenous change in final 
demand. The reason lies in an assumption that is implicit in all Type II multipliers, 
namely that workers from outside the region satisfy the change in labour demand. 
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Miemyk et al. (1967) devised a practically ingenious, but theoretically non-elegant 
scheme to estimate the income growth accruing to residents as the residual of the 
total income growth and the income accruing to in-migrants. He rightfully stressed 
that the induced effects of this residual income growth should be estimated with 
marginal consumption coefficients rather than with average coefficients applying 
to in-migrants. He furthermore introduced a survey-based disaggregation of the 
consumption expenditures by income group, which was quite new at that time. Later 
contributions labelled Miemyk’ s innovation as Type III, and further added Type IV 
(with endogenous unemployment benefits and also with marginal coefficients), and 
Type V etc. multipliers for demo-econonfic models (Batey 1985). Still later, the use 
of marginal versus average coefficients was modelled more elegantly by making an 
explicit distinction between levels and changes (Oosterhaven and Dewhurst 1990). 

Now, why was the 1965 book selected? It was not path-breaking. Its most re- 
markable feature (also then) is its total lack of mathematics (except for a lengthy 
final chapter that would nowadays be summarised in a few pages). It offers an 
eloquent plea for the study of economic stmcture and interdependence between 
macro- and microeconomics, linking Leontief rightfully to both Quesnay and Wal- 
ras. It has a lengthy chapter on regional and interregional input-output analysis. 
The book also contains an interesting political/philosophical discussion about the 
basically value-free character of input-output analysis, combined with a discus- 
sion of the secondary differences in its applications in market, mixed and centrally 
planned economies. Thus it essentially represented an attractive, introductory as 
well as thorough textbook for a wide audience. 

In fact, its popularity may have contributed in some areas to the slow progress 
in, especially, regional input-output analysis. As many other input-output texts, 
it misses the obvious link with Keynesian macro-economics by not showing that 
the row totals of primary inputs together with the column totals of final output 
produce the well known macro identity Y = C-h/ + G + (£^-M). It also 
continued the confusing practice of extending the input-output model by adding 
extra rows and columns to the intermediate part of the input-output table. This 
implicitly enlarges the definition of gross output, whereas adding extra equations 
for endogenous consumption leaves gross output unchanged. When discussing the 
difference between regional and national input coefficients, as many others, it only 
discusses the impact of differences in industry and product mix, but fails to integrate 
national, regional and interregional input-output analyses, by simply showing that 
a regional input coefficient equals the product of the intra-regional trade coefficient 
and the national technical coefficient. Finally, the price side of input-output analysis 
is completely lacking, except for an early recognition that relative price changes 
would lead to substitution among and between intermediate and primary inputs. 
That the inherent instability of input coefficients was taken much more seriously 
than it is nowadays is, however, striking. 

To conclude, the 1965 book was not path-breaking, but its accessibility for non- 
math students, its intellectual style, and its strong suggestion of being drawn into 
an exiting new area must have appealed so strongly to first generations of regional 
science students that they still remember it with appreciation. 
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3.3.2 Michael Batty on Wilson’s Entropy in Urban and Regional Modelling 
(1970) 

Ideas about spatial interaction have been significant in the development of regional 
science from the beginning. Social physics, the application of classical mechanics 
to human systems, was one of the precursors to regional science and provided the 
field with its basic ideas concerning gravitation, potential and the size distribution 
of spatial events such as cities (Stewart 1950). In the 1950s and early 1960s, appli- 
cations of regional science using these ideas became central to policy applications 
in the form of land use-transportation models that were developed as part of a wave 
of concern for developing methods to enable the short-term forecasting of transport 
impacts and the design of new transportation infrastructure. Although these early 
models dealt with urban systems as if they were in equilibrium at a cross-section 
in time, it was spatial interaction in the form of trip making, commodity flows and 
migration which formed the glue that held the economic, demographic and land use 
sectors in such models together. Most of the models were pragmatic in focus, con- 
structed eclectically with little concern for consistent theory, as indeed was much 
early regional science. 

Alan Wilson’s contribution, which is best reflected in his book Entropy in Ur- 
ban and Regional Modelling, was to introduce consistency into the design and 
construction of such models. At the time when researchers were concerned with 
extending such models to a range of different sectors of the urban system, and with 
disaggregating them to reflect the ever finer detail of trip-making modes, household 
types, and industry sectors, methods for developing consistent models were essen- 
tial. Moreover, in the quest to integrate social physics with emerging ideas in urban 
economics, frameworks were required to enable discrete generalisation of contin- 
uous mathematical systems so that operational models could be constructed which 
faced up squarely to problems of missing data, zonal irregularity and related issues 
posed by practical applications. It was Wilson’s work that provided the strongest 
and most significant momentum for developing consistency in this emerging field 
through his application of ideas from statistical physics to spatial interaction, which 
constituted the foundation of most land use-transport modelling at that time. 

What Wilson did was to adapt and popularise a powerful method in statistical 
thermodynamics where the distribution functions of molecules of a gas could be 
derived through maximising a function of entropy, subject to constraints on their 
energy. He argued that entropy was a function of spatial diversity or heterogeneity 
- accessibility - and that if this is optimised subject to constraints on the interac- 
tion that originated or was destined for particular locations and the total distance 
(energy) travelled, the functions that emerged were akin to gravitational and poten- 
tial models that formed the basis of social physics. Although entropy maximising 
was a standard method in statistical physics and although others such as Herman, 
Prigogine, Sasaki and Murchland worked on such analogies simultaneously, it was 
Wilson’s charisma and gentle mathematical style that convinced many of us that this, 
indeed, provided the long sought after framework for deriving comparative static 
urban models. The framework could be easily extended to many sectors; it could 
be used to generate useful accounting procedures with applications in input-output 




Path-breaking books in regional science 



75 



analysis and population forecasting where different kinds of inter-industry linkages 
or flows between cohorts could be simulated. Moreover, its relations to entropy as 
“information” proposed by Claude Shannon as well as to the traditional entropy of 
Boltzmann, provided some tantalising speculation as to the wider meaning of the 
optimisation that was implied in using these methods. 

Besides providing a set of tools that could generate all kinds of gravity, potential 
and population density model, and thus synthesising a wide variety of previously 
disparate approaches, entropy maximising enabled at least six major advances in 
urban simulation. First, apart from enabling wide mathematical consistency in gen- 
erating models, it enabled consistent disaggregation into households types, travel 
modes and industry sectors, it enabled missing information in these groups to be 
handled, and it enabled hierarchical models to be easily constructed. Second, it led 
to a family of interaction models based on different ways of constraining origins 
and destinations of interaction, thus linking transportation models to more tradi- 
tional gravitational models. Third, it enabled these physicalist models to be linked 
to urban economics through the constraints on entropy maximising, for example, 
through income and budget constraints essential to models such as those devised 
by Herbert, Steven and Harris, which in turn reflected Alonso’s model. Fourth, it 
enabled many sectors to be linked consistently in the quest for the general urban 
model, and fifth, it extended physical models to issues of user benefit and cost, to 
spatial utility, and to welfare economics. Lastly, it enabled other kinds of optimisa- 
tion, specifically utility optimisation, and more generally linear optimisation as in 
linear programming and assignment modelling to be embraced and linked to social 
physics. In short, it enabled us to see linkages to the wider world, thus unifying 
what had hitherto been quite disparate and different approaches. 

At much the same time as Wilson was popularising this approach, more disag- 
gregate models of travel behaviour using random utility theory based on optimising 
discrete choices were being developed. These models could also be reconciled to 
the aggregate entropy maximising approach, and in contemporary applications, 
this still defines the cutting edge of practice. Land use-transport models such as 
TRANUS, MEPLAN, UrbanSim, DRAM-EMPAL, and IRPUD continue to use 
and develop Wilson’s approach. Of course the great Achilles’ heel of interaction 
modelling, which indeed reflects the wider problem of regional science, is its almost 
exclusive focus on space with its neglect of time. From the vantage point of the new 
century, cities do not in any sense seem to be structures in equilibrium. It is hard to 
know how we ever thought this way, and although Wilson himself attempted to see 
such spatial equilibrium models as being the outcome of some dynamic process, 
the wheel turned and it has proven difficult to evolve his approach into more dy- 
namic simulations of how cities change and evolve. Embedding such models into 
the equilibrium conditions of chaotic and bifurcating processes, which do explain 
how spontaneous structures such as edge cities emerge, was attempted by Wilson 
in extending his framework in the 1980s, and this was consistent with work by 
Dendrinos, Nijkamp, Allen, and others. But it has been overtaken by even finer 
disaggregation, by cellular and agent-based approaches, by a shift in concern from 
structures to processes, and by a move away from models which are predicated at 
the cross-section to models which are intrinsically processual and dynamic. 
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Entropy-maximising as a technique, however, has withstood the ravages of time. 
It anticipated the now widespread notion that spatial systems are heterogeneous, 
diverse and must be treated so. It is linked to the rebirth of social physics in new 
ideas about scaling, rank-size, density and such like, which are being resurrected as 
part of the New Economic Geography and the interest in scale free networks (Zipf 
1949; Fujita, Krugman and Venables 1999). It is consistent with ideas about urban 
morphology as fractals (Batty and Longley 1994) and simple notions of chaotic 
systems far-from-equilibrium. Researchers in these new schools are, however, re- 
working these ideas afresh and there is no formal path as yet between entropy and 
scaling, morphology and notions of cities based on exchange and trade. Entropy 
maximising is consistent too with new ideas about complexity as Wilson (2000) 
himself has more recently explored, but it has been difficult to cast entropy max- 
imising in a truly dynamic context despite impressive efforts. The kind of dynamics 
now widely regarded as essential to regional science and urban modelling where 
process is everything and product is nothing, makes it hard to see the kind of statics 
associated with entropy maximising as the key focus. However, the contribution of 
entropy maximising and Wilson’s (1970) book remain, shining like a beacon. The 
book continues to impress on us the need for consistency in practical situations 
where we must construct spatial models in the absence of complete data, always 
reflecting the tension between the need to describe more detail at ever finer spatial 
scales. 



3.3.3 Arthur Getis on Cliff and Ord’s Spatial Autocorrelation (1973) 
and Spatial Processes (1981)"^ 

I remember my excitement in 1973 when I first saw the newly published mono- 
graph Spatial Autocorrelation^ by Andrew D. Cliff and J. Keith Ord. I sensed that 
this work represented the missing link between elementary descriptive measures 
of spatial data and a statistically sound evaluation of spatial relationships. It took 
perhaps a decade, but this path-breaking monograph came to have an enormous 
impact on regional science. The monograph spelled out for the first time concisely, 
comprehensively, and in detail, solutions to the problem of identifying spatial as- 
sociation in geo-referenced data. It enabled researchers to statistically assess the 
degree of spatial dependence in their data. 

The full impact of the monograph was not realised, however, until the two 
authors published a successor volume in 1981. Spatial Processes: Models and 
Applications is a more complete and precise work on the subject, free of minor 
mathematical errors. It includes all of the material of the earlier volume, albeit 
revised to some extent, but goes further by carefully exploring a variety of case 
studies and models of spatial processes. The books shed light on the problem of 
model misspecification due to spatial autocorrelation and demonstrate statistically 
how one can test residuals of a regression analysis for spatial randomness. This 
theme is fundamental to the entire field of spatial econometrics in regional science. 



^ An appreciation of the work by Cliff and Ord was published in Getis et al. (1995). This review 
draws on material from that article. 
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Fig. 3. Citations for Cliff and Ord’s Spatial Autocorrelation (1973) and Spatial Processes 
(1981). Source: Science citation index and Social sciences citation index, 1971-2001. 
Institute for Scientific Information, Philadelphia 



The two books have had an ever-increasing impact on regional science. Today, 
of the many contributions to spatial modelling in regional science, recognition of 
the work of Cliff and Ord is the rule, not the exception. The authors explicated 
little known join count and interval scaled statistics by Moran (1948) and Geary 
(1954) by developing statistical moments and tests for significance. In addition, 
they extended Moran’s and Geary’s work by considering irregular distributions of 
areas, applied the tests to patterns of towns, and modelled spatial processes. The 
Cliff and Ord work has come to be a fundamental tool, building block, and indicator 
for understanding spatial processes. 

If the Social Science Index and Science Citation Index (1971 to 2001) are any 
measure of the worth of an academic work. Cliff and Ord’s books probably have 
not yet hit their peak. They have been cited over 1300 times since 1973 (see Fig. 
3). For the period 1975-1979, the mean number of citations per year was 24. This 
number rose to 32 per year for the period 1980-1984 with the publication of Spatial 
Processes. By 1985-1990, the yearly average was 51. It increased again in 1990- 
1994 to 63, and by 1995-1999 the yearly average was 67. In the first two years of 
this century, the average again rose; this time to 68. Thus the Cliff and Ord books 
must be considered as part of the ever-growing momentum and interest in spatial 
analysis. For example, a number of heavily used statistical computer packages 
require just a click to have a Moran’s statistic computed. 

Interest in the Cliff and Ord work grew slowly. The original monograph was 
very much a condensation of what might have been a full discussion of the ideas 
replete with clearly explained empirical examples, as was to be the case with the 
successor volume. The level of mathematical sophistication needed to deal with the 
underlying theory was nearly non-existent among geographers, the discipline for 
which the books were originally written. At the time, most geographers had only 
a passing notion of what problems the monograph was supposed to solve. In fact. 
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those initially attracted to the Cliff and Ord work were geographers who identified 
strongly with regional science. 

By the late 1980s there were a number of treatises on spatial autocorrelation 
at varying levels of sophistication. Today, econometrics textbooks are beginning to 
mention the Cliff and Ord work. In the relatively new field of spatial econometrics 
one finds a considerable appreciation (and critique) of the ideas of Cliff and Ord. 

Those who criticised the Cliff and Ord books also praised them. Some found the 
theory confusing, others did not appreciate the spatial stochastic process point of 
view, but all recognised that the 1973 monograph represented a major breakthrough 
for the study of correlation in spatial data. Thirty years after its publication, with 
significantly greater technology available for the analysis of spatial data, the use of 
Moran’s statistic and other tools so inventively presented by Cliff and Ord are now 
considered basic in regional science. 

Today, Andrew Cliff, a geographer, holds a personal chair at Cambridge Uni- 
versity, and J. Keith Ord, a fellow of the American Statistical Association, is a 
professor in the McDonough School of Business at Georgetown University. Inter- 
estingly, both Cliff and Ord were originally educated in the same town, Grimsby in 
Lincolnshire, England, and studied at the London School of Economics, but did not 
meet until they were both at the University of Bristol: Cliff as a graduate student and 
Ord as a lecturer in the economics department. Cliff spent two years at Northwest- 
ern University as a graduate student. He attributes his interest in the autocorrelation 
problem to Michael Dacey, who has taught at Northwestern University since the 
1960s, and who created a remarkable manuscript on spatial autocorrelation (Dacey 
1965). 

3.3.4 Bernard Fingleton on Anselin’s Spatial Econometrics (1988) 

Although Luc Anselin’s Spatial Econometrics was published as long ago as 1988, 
it remains a standard reference, and almost certainly the outstanding key text, for 
anyone working with spatial econometric models. Its influence stems partly from 
its amalgamation of mainstream econometrics and early developments in spatial 
data analysis, notably within the field of spatial data analysis and quantitative ge- 
ography (Cliff and Ord 1981; Upton and Fingleton 1985, 1989; Haining 1990). 
It represents what has become in effect a separate sub-discipline, a process initi- 
ated by Paelinck and Klaassen’s Spatial Econometrics, published inl979. Spatial 
econometrics stands apart from mainstream econometrics because of the special 
nature of spatial effects, and apart from the more data-driven and eclectic approach 
of quantitative geography. 

In his book Anselin presented, for the first time and to a wider audience, the 
results of his own research, which was initially published in specialist journals or 
was until that time unpublished. The appeal of the book was, and still is, that it use- 
fully combines rigorous theory with data analysis. Not only are the mathematics 
explicitly set out to show the logical basis of the models, but data and the results 
of fitting models to data are also given, so that there is a connection between the 
theory and what is practical and useful. These attributes have ensured that this work 
has made an enduring contribution and continues to be relevant to current issues 
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in regional science and geo-economics. With the advent of the New Economic Ge- 
ography in particular, mainstream economists and econometricians are becoming 
increasingly fascinated by the spatial dimension, and spatial econometrics, with 
Anselin’s book still at the core, could be an extremely useful empirical tool for test- 
ing and developing a new generation of theory. Another reason why the book has 
had an enduring impact is the availability of software written by the author (Space- 
Stat), which makes it possible to quite easily carry out the analyses described in 
the text. This has been a very valuable contribution and helped extend the range 
of spatial econometrics to a wider audience. Moreover, the book considers both 
space and time, and some of the topics highlighted in the book, for example spatial 
Seemingly Unrelated Regression (SUR) models, have had minimal application but 
are ripe for exploitation and further development as analytical tools, particularly 
given the enhanced availability of spatial panel data in recent times. The book is a 
definitive statement of the state-of-the-art as it was in the late 1980s, and is a starting 
point for anyone wishing to work on topics such as modelling spatial heterogeneity, 
model validation, aspects of spatial weight matrix construction such as edge effects, 
Lagrange Multiplier (LM) and Wald tests in the spatial context. Moreover, while 
prominence is rightly given to maximum likelihood, robust estimation and the use 
of instrumental variables and Two Stage Least Squares (2SLS) also come under the 
spotlight because of their simplicity and practicality. Looking at what is included 
and excluded in the book, it is evident that it defined what has become the core 
of spatial econometrics and had a huge influence in pushing forward the research 
frontier (Anselin and Florax 1995). 

However some might argue that the book took a rather narrow perspective on 
what constitutes spatial econometrics and what might be useful for the regional 
scientist of the future. Certain techniques and models, some of which are part of 
mainstream econometrics, were excluded or given minimal consideration. While 
there is a focus on spatial dependence in the normal errors regression, there is no 
consideration of spatial dependence in the context of other probability distribu- 
tions. Linear regression dictated the typology of models and therefore the book’s 
infrastructure. One can only contemplate what the book might have looked like if 
it had been built around the organising framework of the generalised linear model 
(Nelder and Wedderbum 1972; McCullagh and Nelder 1989). It could certainly 
have been very different, and perhaps have accommodated topics such as discrete 
probability distributions and entropy maximising spatial interaction models (Wil- 
son 1970), important for their role in modelling interactions and flows across space. 
Instead the exogenously determined spatial weights matrix is used throughout to 
catch spatial interaction. There is only limited consideration of systems of equa- 
tions, multivariate methods and not much emphasis on Bayesian methods (Hepple 
1979; LeSage and Pace 2002), and the strong econometrics emphasis quite natu- 
rally favours simultaneous rather than the conditional specifications preferred in 
the geological sciences (Cressie 1993; Raining 1990). 

Despite this selectivity, it is difficult to quibble about a book that has been so 
influential in the development of spatial econometrics. The benefit of selectivity is 
focus. From the viewpoint of the late 1980s, the book was valuable for the new 
material it introduced rather than the old material it excluded, and some of what 
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is now at the cutting edge had yet to be invented. It was a launching pad for new 
developments in modelling techniques and application. For instance we have seen 
the emergence of important new analytical methods (for instance, LISA and local 
Moran) and more sophisticated ways of visualising spatial data with the integration 
of spatial econometric methods with GIS, with applications not only in economics 
but also across a range of disciplines, from real estate economics to criminology. 
We have to thank Luc Anselin for the vision he presented in this outstanding work, 
which I believe has become a classic in the field. 



3.4 Textbooks in regional science 

3.4.1 Gordon F. Mulligan on Beckmann’s Location Theory (1968) 

At the very outset (p. vii), Beckmann states that his purpose is “to give a systematic 
exposition of the theory of location at the level of intermediate and advanced un- 
dergraduate economics”. Using only seven short chapters to present his material, 
a handful of figures and tables to clarify some difficult concepts, and a series of 
appendices to communicate the more important derivations, the author succeeds ad- 
mirably in this enterprise. Moreover, as he acknowledges a bit later (p. 4), the book 
is also designed to inform a somewhat wider audience of academic geographers, 
sociologists, regional scientists, and city planners. 

Beckmann first points out that space (i.e. , distance, location, region) is important 
to consider because of transportation costs (for persons and goods) and neighbour- 
hood effects (i.e., spillovers or externalities). Transportation costs can no longer be 
subsumed under production costs because agents must “economize space in order 
to keep distances tolerable” (p. 4), and neighbourhood effects can no longer be 
disregarded as minor misallocations of land (or other) markets. 

The book begins with an examination of the locational choices made by firms, 
where the differences between feasible (possible) and optimal (best) locations are 
highlighted. When transportation costs are negligible, firm objectives can be sum- 
marised in a two-by-two matrix addressing both input prices and output prices. 
Profit-maximisation is the appropriate objective when both input and output prices 
vary; revenue maximisation (cost minimisation) is appropriate when input prices 
are uniform (variable) and output prices are variable (uniform). The author moves 
on to examine the cost-minimisation contributions of Launhardt and Weber, and 
uses two figures to summarise the important Kuhn-Kuenne algorithm. Mention is 
made that the model also can be used to solve for the optimal location of a junction 
on a transportation network. What a great insight! I can recall how for a geography 
graduate student this chapter’s analytical approach was the perfect complement to 
the case history approach espoused by, for example, Estall and Buchanan. 

The book moves on to look at the short- and long-run geographic configurations 
of entire industries. The discussion is nicely organised around the polar concepts 
of dispersal and concentration. The notion of a market area boundary is introduced, 
which can occur either because of nearby competition or because customer demand 
eventually falls to zero (at some choke price). Price policies are next examined for 
the single producer and price-distance relationships are compared (in a now-famous 
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diagram) for mill, uniform and discriminatory policies. Beckmann briefly goes on 
to address duopoly (besides Hotelling, the earlier work of Cournot and Bertrand 
are mentioned) and collusive oligopoly (especially Fetter), and then closes the 
chapter by analysing the free entry solution for identical establishments. Hexagonal 
market areas are shown to be efficient because they cover the entire plane and 
minimise the distance between suppliers and their surrounding customers. Little 
is said about price or location conjectures, although Mills and Lav are cited. In 
phrases and sentences sprinkled throughout, the author anticipates many of the key 
research topics addressed by the next generation of location theorists: he gives a 
brief commentary on the welfare implications of space (competitive firms have 
market areas that are too large), he recommends that more realistic models of 
consumer travel behaviour should be fully explored (non-linear transportation costs 
and gravity-type models), and he points out that consumer uncertainty leads to the 
geographic concentration of firms. 

Agricultural land allocation is given 12 pages. The slopes of von Thiinen’s net 
revenue (i.e., rent) lines are said (p. 62) to equal “transportation cost per acre- 
product per unit-distance” and the rings “follow upon each other in the order of 
transportation costs per acre-product”. Extensions are given for agricultural wage 
differences, non-continuous transportation surfaces (recalling Palander), and even 
economies of scope in the rings of production (where fattened cattle are produced 
from young cattle and com). Interestingly, too, the short appendix outlines a trans- 
portation cost function that resembles today’s popular iceberg assumption; in this 
case, von Thiinen’s vehicles are drawn by horses that necessarily carry their own 
feed, thereby imposing a technological limit on the city’s supply area. But very 
little is said about city land rents, although Alonso is noted. 

Central places are next addressed. The discussion is remarkably non-technical 
and stresses the issue of interdependencies among activities. A space-filling hierar- 
chy model is outlined having quadratic markets, where transportation routes form 
a rectangular network. The number of plants (or cities) is shown to increase ap- 
proximately with the square of distance, meaning that there will be a rich mixture 
of large-, medium-, and small-size plants (cities) in a populous, extensive region. 
Some attention is given to inter-plant (inter-city) flows, as analysed by Tinbergen 
and Bos earlier in the 1960s, a topic that has been recently revisited by Paelinck 
and others. In the appendix, Beckmann builds upon his earlier work in deriving an 
elegant city-size population model, one that anticipates the work of Parr, Alao et 
al., and others over the following decade. 

The nature of the spatial equilibrium is next examined. Two conditions, fol- 
lowing from Cournot, Dantzig, Samuelson, and others are highlighted: (1) the net 
outflow of a commodity at any point equals its excess supply at this price, and (2) 
any price difference between two locations does not exceed the transportation costs 
between those two locations. Some key comparative-static predictions follow. For 
example, when transportation costs fall, prices never rise at locations that were net 
importers and never fall at places that were net importers before the change. A brief 
discussion of the author’s widely cited work with Koopmans is introduced using 
the example of a residential housing market. Households are assigned to locations 
(sites) in a way that is optimal; that is, so that the sum of all prices (taken from 
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all households lumped together) is maximised. The spatial outcome is shown to 
be equivalent to maximising social welfare (i.e., combining consumers’ plus site- 
owners’ rents) under the model’s assumptions. Spillover effects and misallocations 
are briefly discussed. The chapter closes with the consideration of a continuous 
space-economy focussed on some central region. Unidirectional commodity flow 
lines are identified that necessarily intersect isoprice lines at right angles. Com- 
modities always flow in that direction where the change in price just equals the 
change in transportation cost. Although extensions and parallels of this work exist 
(e.g., Tobler), the material still seems ripe for fuller application. 

Beckmann concludes his “essay” by considering how economic growth induces 
locational changes. Historically, transportation costs have been reduced relatively 
more than the prices of goods and services, so the reach of low-cost suppliers has 
been enhanced, relatively speaking, compared to the reach of high-cost suppliers. 
Interregional price differences accordingly have been reduced, in some cases dra- 
matically so. Population and income increases can lead to establishment duplication 
before the emergence of these same types of establishments farther down the central 
place hierarchy (recall Berry and Garrison’s work on central place thresholds). And, 
as production processes in the post-industrial economy become more roundabout, 
industries initially tied to resource deposits increasingly shift away to intermediate 
and final markets as the interdependent forces of Christaller and Losch more and 
more dominate the simpler forces of von Thiinen and Weber. 

This volume remains a remarkable achievement. A careful reread shows that it is 
simply bursting at the seams with interesting and relevant ideas, some of which still 
have not been adequately explored. Throughout its hundred-plus pages, Beckmann 
actually anticipates many of the important location theory issues of the next few 
decades. And I, for one, can fully attest that it was a great success in bringing the 
main tenets of location theory to an entire generation of graduate students (from 
different disciplines) in the 1970s. Surely those are the two highest compliments 
that an academic book can receive. 



3.4.2 Peter V. Schaeffer on Richardson’s Regional Economics (1969) 

During the 1960s regional science emerged as a recognised sub-discipline, as sig- 
nalled by the publication of a comprehensive review by Meyer (1963) in \ht Amer- 
ican Economic Review. Any lingering doubts about its acceptance in the profession 
were removed by the first-time inclusion of abstracts from the Journal of Regional 
Science in the Journal of Economic Abstracts in 1968. This was followed by the 
inclusion of a new sub-category “900: Welfare programs; Consumer Economics; 
Urban and Regional Economics” in the classification system for articles when it 
was published for the first time as the Journal of Economic Literature in 1969. 

Similar recognition was forthcoming in other disciplines, most notably geogra- 
phy, and from the National Science Foundation in the form of the programme area 
in Geography and Regional Science. While such recognition is important, it does 
not ensure survival. A sub-discipline that does not become part of the profession’s 
- or, in the case of regional science, the professions’ - curriculum, will not attract 
students. And without students the field cannot survive. Textbooks address this 




Path-breaking books in regional science 



83 



challenge through two critical contributions. Firstly, they determine the “region” 
within the larger discipline(s) to be occupied by the sub-discipline since issues and 
topics they leave out are unlikely to be widely taught. Secondly, textbooks pull 
together and synthesise materials and results from a wide variety of publications, 
particularly in an interdisciplinary field such as regional science. This facilitates 
teaching, making it more likely that courses will be included in the larger disci- 
plines’ curricula. Richardson was motivated by such considerations when he wrote 
his 1969 book: “When I began my Regional Economics special subject course in 
Aberdeen in 1966 I found it very difficult to direct my students to a single volume 
introduction to the subject, particularly on its theoretical aspects” (p. xi). 

Teaching regional science is particularly important at the undergraduate level, 
as students who enrol in graduate studies seem motivated by and pursue interests 
they discovered as undergraduates. If we do not expose students to regional science 
during their baccalaureate studies, we may not be able to attract them into our future 
teacher and researcher graduate programmes. 

Although his was not the first regional economics text available, Richardson’s 
(1969) book was widely adopted, as demonstrated by a second printing in 1972. 
Organised into three parts, Richardson (1969) covers location theory and spatial 
pricing (Part A), the urban economy (Part B), and regional economics and policy 
(Part C). With the exception of Chapter 1 , which includes a useful discussion of how 
regional economics differs from the rest of economics, the basic outline is still used, 
for example in McCann (2001). The coverage in Richardson is also reflected in the 
updated and expanded category “R: Urban, Rural, and Regional Economics” in the 
classification system currently used by the Journal of Economic Literature (JEL). 
All of the 31 subheadings in JEL category “R” are mentioned in Richardson’s text, 
an indication that his delineation of the disciplinary “region” comprising regional 
science was successful. 

What sets Richardson’s (1969) book apart from others published around the 
same time is its focus on theories and models and their critical evaluation. While 
there are many references to empirical studies, the book contains no “real world” 
examples drawn from the empirical literature, in contrast to, for example, Hoover’s 
(1971) textbook. Richardson’s emphasis is particularly useful for training more ad- 
vanced, usually graduate, students who have had time to develop a greater capacity 
and appreciation for abstraction. Such students also benefit from Richardson’s crit- 
ical perspective because “It does require maturity to realise that models are to be 
used but not to be believed” (Theil 1971, p. vi). 

There are two topics discussed in Richardson (1969) that have received rela- 
tively scant attention since the publication of his Regional Economics. The first 
is regional business cycles. Legislation that made nation wide banking possible 
may have changed how the effects of monetary policy responses to business cy- 
cles filter down to the regions. But despite important changes in the country’s 
financial institutions, few papers have studied their regional impacts. The second 
relatively neglected topic is the consistency of regional policy goals - a topic to 
which Richardson devotes almost 15 pages - to explore the relationships between 
national and regional interests, aggregate efficiency and inter-regional equity, and 
the compatibility of inter-regional goals. If regional scientists want to be looked to 
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as the major source for answers to practical regional policy questions, we cannot 
afford to neglect these topics. 

While writing this assessment of the impact of Richardson’s 1969 textbook on 
regional science, I began thinking about the roles of textbooks in general. At the 
start of this review I noted how textbooks make two important contributions by: 
(1) defining the sub-discipline, and (2) facilitating its teaching. There is a third 
role, namely that of indicator of the health of a discipline. A discipline that cannot 
support commercially viable textbooks is ailing. Therefore, the recent publication 
of several new texts in regional science, including the “new” methods book by 
Isard et al. (1998), and the great popularity of the Web Book of Regional Science 
(Loveridge and Jackson 1999) are encouraging signs of continued good health. 



3.5 The future: A new paradigm? 

3.5.1 Chatterji on Fujita, Krugman and Venables’ The Spatial Economy (1999) 

After Walter Isard’s trilogy and William Alonso’s Location and Land Use, this book 
is a breakthrough. Hopefully it will attract vitality and innovation in regional science 
because, in my opinion, regional science has reached a near stagnant state in terms 
of developing new theories in location and space economics. The Spatial Economy 
may very well provide the much-needed impetus for further development in regional 
science. The book contains many fresh ideas and integrates these ideas, providing 
a new sound theoretical background of many old (von Thiinen, Losch, Christaller) 
and new (Isard and his followers) theories in location and space economy. The 
Fujita et al. book also tries to link international trade theories with regional science. 

The book has four parts. Part I is a general introduction, dealing with the role 
of regional science and urban economics in location and space economics. Part 
II deals with regional models. Here the assumption is that the agricultural sector 
is immobile (with zero transport cost) and the manufacturing sector can move 
between regions, depending on economies of scale and real wage differentials. 
Pure competition for agriculture and Chamberlin-type imperfect competition for 
manufacturing using the Dixit-Stiglitz model (Dixit and Stiglitz 1977) are assumed. 
The model starts with consumer utility and production functions of the constant 
elasticity of substitution (CES) variety, and is then spatially extended for two regions 
and for multi-regions introducing the transportation cost of the iceberg variety (due 
to Samuelson and von Thiinen). This leads to the basic idea of the book, namely, 
the creation of an industrial core and an agricultural periphery. Producers want 
to locate near consumers and their suppliers, leading to the centripetal force of 
agglomeration. But the centripetal force is acting against the centrifugal forces of 
immobility of labour and land. The resulting spatial structure is determined by 
these contesting forces (resembling the base multiplier type forward and backward 
linkages). According to Fujita, Krugman and Venables, agglomeration only takes 
place due to industrial organisation and not due to any other sort of externality. 

Later, the authors relax the assumption of zero agricultural transportation cost. 
For the core-periphery system of the two-region case, they develop a twelve- 
equation system and examine it numerically to establish equilibrium conditions 
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based on imputed exogenous parameter values, primarily for transport cost. The 
equations involve income, nominal and real wages, price levels and the substitution 
of elasticity between different varieties of manufacturing goods and labour force 
share. Two questions about the equilibrium are then asked. First, when is a spa- 
tial concentration of economic activity sustainable? Second, when is a systemic 
equilibrium without spatial concentration unstable, and under what conditions do 
small differences among locations snowball into larger differences over time? A 
striking conclusion is that the reduction of transportation costs can explain both the 
development of core (industrialised countries) and peripheral (developing agricul- 
tural) countries, as well as the reversal to growth of manufacturing in the newly 
industrialised countries. 

Part III deals with urban systems and focuses on the location of a new city 
and the development of a city system when all factors, including agriculture, are 
mobile. Again using the Dixit-Stiglitz model, they integrate von Thiinen, Losch and 
Christaller-type models and deduce the equilibrium conditions. Moreover, they test 
for (Zipf-type) spatial regularity but do not find any theoretical justification for the 
occurrence of spatial regularity. The results obtained in the urban model are the 
same as in the regional model. 

In Part IV Fujita and his co-authors use the Dixit-Stiglitz model to combine in- 
ternational trade theory with industrial agglomeration, clustering and urbanisation. 
This is an important contribution that attempts to present a unifying model, inte- 
grating urban, regional and international trade theories. The attempt gains added 
significance, since international trade theory and interregional analysis have devel- 
oped in complete isolation from each other. 

When evaluating the overall contribution of The Spatial Economy, it is insightful 
to look at the general comments made in the literature review presented in Part I 
of the book. First, the authors discuss why regional science could not become a 
part of mainstream economics. They claim that - although Isard’s vision was in the 
right direction — the integration was not achieved, and “Regional Science remained 
a tool box with loose-ends hanging”. However, it needs to be mentioned that the 
goal of regional science was not meant to become a part of mainstream economics. 
Instead it wanted to create a new social science discipline with geographical space 
as the main dimension integrating economics and other social sciences (Isard 2003). 
In one small area of regional science, namely location and space economics, the 
authors of The Spatial Economy have indeed made significant contributions after 
Isard. By introducing the economic analysis of imperfect competition following 
Dixit and Stiglitz, and reformatting it in the context of a spatial economy, they 
have done a splendid job. This introduction of monopolistic competition (after 
Hotelling, Thisse and others) is significant. However, all analyses are based on 
heroic and sometimes unrealistic assumptions. 

Second, the authors’ criticism of urban economics is well taken: the field has 
completely neglected how cities are formed and related. Here again, Fujita et al. 
have done an excellent job in rectifying that deficiency. Using the market potential 
concept, land use theories as well as von Thiinen, Losch and Christaller hierarchy 
theories, they show that imperfect competition in a spatial framework explains the 
formation of a city and a system of cities. 
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Third, the authors criticise regional science for not being linked to international 
trade theory. In their book, they attempt to provide such a link by integrating lo- 
cation theory with the Hecksher-Ohlin theory, first with one production factor and 
then with multiple factors. Moreover, they extend the analysis to spatial clustering. 
The major conclusion is that “uneven development may have been a predictable 
consequence of growing world integration”. Although Fujita, Krugman and Ven- 
ables have done a good job in connecting different pieces to integrate location and 
trade theories, in my judgment their result is not as strong as in the case of regional 
and urban systems. 

The Spatial Economy provides a wealth of new ideas. It brings forward new 
and long-awaited avenues of further research - particularly empirical research - 
and paves one possible pathway in one area of regional science. It should also be 
noted that the authors’ excellent ability to develop the technical material, closely 
following mainstream economics and mathematical geography, further adds to their 
visionary lead. But, there is of course ample room for extension and refinement. 
First, despite its limitations, Fujita et al. use the Dixit-Stiglitz theory as a cor- 
nerstone of their derivations. Being aware of the limitations, they try to relax the 
assumptions and structures, but the results do not appear elegant. Second, not only 
are transfers to dynamic formulations missing, but many issues such as technol- 
ogy, innovation, interfirm relations, externalities, transportation, housing, regional 
development and growth policies, are not addressed. In particular, they completely 
ignore the role of information technology and service, and knowledge industries 
sectors where transportation cost formulations other than simple iceberg technol- 
ogy will be necessary. Third, their basic assumption is that the main reason for 
the creation of cities is manufacturing vis-a-vis agriculture. But there are many 
cities in the world, particularly in developing countries, where their analysis may 
not be applicable. Examples include religious cities, trade centres, colonial cities, 
port cities, and newly planned cities. Political economy, globalisation and recent 
security concerns will likely affect the growth or decay of cities as well. 

In view of these criticisms, it is important to point out that no book, not even a 
path-breaking book like The Spatial Economy, can do everything in one single try. 
We need others to follow up and extend Fujita, Krugman and Venables’ lead. 
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Abstract. On the basis of citations to articles in regional science journals, this 
study identifies the most influential scholars in the field during various periods of 
its first-half century. It distinguishes among the pioneering generation who wrote 
its formative pieces, the generations who expanded its boundaries, and the current 
generation whose work is shaping the field and giving it direction. Useful insights 
into the nature of regional science flow from key facts about its intellectual leaders, 
including their disciplinary affiliations, periods of active research, and cited work 
outside the regional science journals. The article also discusses problems with the 
citation data and limitations of citation studies. 
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1 Introduction 

Ten years ago, drawing on over 130 published works in regional science and re- 
lated disciplines, I wrote a very long essay on the history, status, and future of 
regional science as it was turning 40 (Isserman 1995). More recently, I wrote an 
encyclopaedia article on regional science, having been asked to define its subject 
matter, describe the intellectual progress, and note its major intellectual leaders in 
4,000 words (Isserman 2001). All that synthesis and generalisation left me yearning 
for the surety, precision, and facts of empirical research - for the chance to conduct 
some dirty handed, data driven work and dig some nuggets of insight out of the 
earth. As I do so on this fiftieth anniversary of regional science, I think fondly of 
Benjamin Stevens and the other pioneering regional scientists who worked their 
data with the enthusiasm and excitement of kids in a mud puddle. 
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This article is based on citation data, some of the dirtiest, messiest data I have 
ever used. I point out the problems and flaws with these data, and, thereby, the 
limitations of all citation studies, but then, in true regional science fashion, I use 
the data anyway, correcting them and compensating for their flaws as best I can. 
Think of Walter Isard, pushing aside the weaknesses of the input-output model by 
noting that input-output projections combined with intuition and hunch are at least 
as good as projections based on intuition and hunch alone (Isard et al. 1960, p. 341); 
Lawrence Klein, suggesting how regional econometric models might be built but 
opting not to recognise “at this stage the very real and substantial data problems 
involved” (Klein 1969, p. 108); and our vast 50-years’ experience of doing research 
and building models despite poor - or even non-existent - regional data (e.g., Leven 
1956; Isserman 1980; Richardson 1985). 

This article uses citation data to identify and recognise the many people whose 
work has been noted and cited frequently by others. It identifies the intellectual 
leaders during each time period or stage of regional science identified by David 
Boyce (2004). I tally citations in two distinct ways: by generation-citations to the 
career publications of the generation, or cohort, that first began to publish research 
during that period, and by time period-citations to publications that appeared dur- 
ing the time period. I envision this article as one of at least a trio. The next will 
describe the subject matter of regional science, that difficult task noted by Boyce, 
by identifying the intellectual core of regional science empirically-based on the 
citation data described here. There the emphasis will be on the topics of the most 
cited research. A third work, now at the database building stage, together with Luc 
Anselin and Serge Rey, will focus on the geography, disciplines, and sociology of 
regional science over time. 

This article has two main parts. The first is methodological, discussing the key 
definitions and data properties that shape the results. Although the citation data are 
error plagued and dangerous to use, citation studies are becoming increasingly pop- 
ular because of the ease of obtaining the data electronically. This article documents 
the extent of the errors empirically and provides suggestions for using and inter- 
preting citation data. The second part provides and analyses the empirical results 
by time period and generation. 

This article is intended to be read nostalgically like an old high school year- 
book at a fiftieth reunion. Reading the lists of names - which have been made 
as long as the publishers could allow - will bring back memories of people and 
friendships, teachers and students, conferences and seminars, and papers read and 
written during some part of this glorious half-century in which a dedicated band 
created learning opportunities for many. Initially, I prepared the lists to identify 
and recognise individuals who have made a difference. As I worked, however, the 
roll call of names took life and spawned memories, and the lists became for me a 
moving affirmation and commemoration of that community of thousands who have 
been Regional Science this half century. 
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2 Approach and definitions 

Several words in the title of this article call out for definition because they are 
used in precise ways here. Intellectual leaders are defined as those people whose 
research has been cited most frequently. Publishing research that other scholars find 
relevant is an important dimension of intellectual leadership, but other dimensions 
are very important too. People who nurture and guide doctoral dissertations, who 
edit journals and books or organise conferences in proactive ways that lead to 
new directions and insights, or who head departments, research institutes, funding 
organisations, and governmental agencies in visionary ways that help shape the field 
- all these individuals are intellectual leaders, too. Boyce has recognised many of 
them, as my paper did ten years ago, but their names will not appear in this study 
unless they also published regional science research that others cited frequently. 

Regional science is defined in a precise, operational way here. At issue is not 
a subject matter definition, such as graces the back cover of this journal (“study of 
social, economic, political, and behavioural phenomena that have a spatial dimen- 
sion”). The practical need here is to define and limit the regional science scholarly 
literature in a way that allows citations to be identified and tabulated. Consider the 
problem. The back cover notes that the Regional Science Association International 
“brings together scholars from many disciplines, including economics, geography, 
urban and regional planning, civil engineering, sociology, finance, and political sci- 
ence”. Scanning all the journals and books of all those disciplines, not to mention 
interdisciplinary fields such as demography, operations research, and statistics, in 
search of influential regional science work would be a Herculean task, and requires 
deciding which influential scholarship should be deemed regional science subject 
matter and which authors should be deemed regional scientists. 

The solution here is to define the regional science literature narrowly, namely, 
the articles published in those scholarly journals with either regional science in 
their titles or in the names of their sponsoring organisations. Thus the Review of 
Urban and Regional Development Studies qualifies because it is the journal of the 
Applied Regional Science Conference, an organisation based in Japan and “pro- 
moting interdisciplinary research in the field of regional science”. Similarly, Review 
of Regional Studies is included because it is published by the Southern Regional 
Science Association (USA), but Regional Studies is not because it is published by 
the Regional Studies Association (UK). Put simply, the regional science scholarship 
considered here is research published by a journal flying the regional science ban- 
ner. Hence intellectual leaders of regional science are defined here as those people 
whose research published in regional science journals has been cited frequently. 
Their research published in other journals or in books is not included in the tabu- 
lations.^ Citations to books and other journals will be discussed in the conclusion 
with some interesting results for a sample of regional science leaders. 

The final element needing precise definition is citation - citation by what and to 
what? This definition is largely data driven, too. The Institute for Scientific Informa- 
tion (ISI) collects bibliographic information from thousands of scholarly journals 
and makes it available to subscribers on line (www.isinet.com). ISI tabulates the 

^ See Waldorf et al. (2004) for reviews of influential regional science books. 
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number of times articles in those journals have cited a specific work by an author, 
whether it is an article, book, chapter, working paper, conference presentation, 
proceedings, or other cited work. If it is cited, whatever it is, it is included. 

This article examines the number of times every article ever published in a 
regional science journal has been cited since 1982 by articles in the thousands 
of journals in the ISI database. The citations are from any ISI-covered journals 
published between 1982 and early 2002, which was the entire time span available 
electronically when I built the database in the summer of 2002. My decision to 
include citations from all the journals of the Science, Social Sciences, and Arts 
and Humanities Citation Indexes was pragmatic (easier than isolating the regional 
science journals) and appealing (the ideas published in regional science journals 
have affected several disciplines and fields). In short, the citation “by what?” answer 
is all ISI-covered journals since 1982 and the citation “to what?” answer is all 
articles in regional science journals since the very first issue of the Papers and 
Proceedings, published by the Regional Science Association in 1955 following the 
First Annual Meeting in December 1954 (Florax and Plane 2004). 

3 The regional science journals and the citation data 

Over 30,000 citations to articles published in 13 regional science journals form 
the core of this study. Three journals account for 80% of the citations. Journal of 
Regional Science, first published in 1958, received 38% of the citations; Papers in 
Regional Science, published under a variety of names since 1955, received 23%; 
and Regional Science and Urban Economics, first published in 1971 as Regional 
and Urban Economics, attracted 20%. Two more journals bring the total to 95%: 
International Regional Science Review, with a 1975 start, attracted 9%, 2 ind Annals 
of Regional Science, with a 1967 start, attracted 6%. Table 1 provides an overview 
of the 13 journals, with the journals listed by the total number of citations. The 
column “Most” shows the number of citations to the most cited article in each 
journal. 

Journals differ in their status within the ISI Social Science Citation Index. 
Although thousands are covered, many are not. The five most cited regional science 
ones and Canadian Journal of Regional Science are among the journals whose 
articles and citations are tabulated by ICI; they are covered in the Index. The other 
eight regional science journals are not covered. Their contents appear in the citation 
data when they are cited by tabulated journals, but the references (citations) included 
in the articles of those regional science journals are not tabulated. Finally, there are 
some regional science journals of which I could find no trace within the Index, that 
is, no citations. 

I compiled the citation database by querying on line for citations to the contents 
of the regional science journals. The unit for the query was the journal itself, since 
I began with the journals, not with a predetermined list of regional scientists. A 
disadvantage of querying by journal and, therefore, a flaw of this study is that 
articles are identified by the first named author only. Authors of some citation 
studies, who weight articles inversely by the number of authors, might find this 
outcome just under various assumptions about the production of research. It does 
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mean, however, that some partners in celebrated papers, such as the well-cited 
Herbert-Stevens paper from 1960, receive no credit in the data. 

Behind the tidy numbers in Table 1 lurk other problems in using the ISI citation 
data. When authors, journals, or typesetters make errors in their reference lists or 
do not report names or volume and page numbers, flaws appear in the citation data. 
For example, if an author of an article carelessly types in the year of the Regional 
Science Association meeting in the reference section instead of the publication 
date of the article or misspells an author’s name, a new article will have been 
created in the database. ISI makes no attempt to verify the accuracy of citations 
and, apparently, many authors, editors and publishers do not either. Therefore, I 
did not report a count of the number of cited articles in each journal in Table 1 and 
do not do so in the tables by author either. Many of the “articles” are phantoms, 
created in the reference process and found in the citations, but non-existent. 

The most cited article in the Papers amply illustrates the problem and its sources. 
Julian Wolpert’s 1965 article, “Behavioural Aspects of the Decision to Migrate”, 
begins on p. 159 of volume 15. It appears in the uncorrected data as 7 different 
articles cited 261 times in all. It was cited 242 times as appearing in the Papers of 
the Regional Science Association and 9 times in the Regional Science Association 
Papers (but the latter is exactly what the issue cover says). It was cited 6 more times 
with the correct volume but no page number - making the numberless version an 
“article” in the data distinct from the one starting on p. 159. There are four versions 
caused by incorrect citations: (1) wrong name, Wolpert I. instead of Wolpert J., (2) 
wrong page, 59 instead of 159, (3) another wrong page, 158 instead of 159, and (4) 
wrong volume, 58 instead of 15. Such problems inherent in the data haunt citation 
studies. 

I corrected errors, omissions, and varying practices in the names of journals 
and authors. Thus, I combined into one the 1 1 different ways Papers in Regional 
Science and its predecessors appear; it was listed as PAPERS RSA, P REG SCI 
ASS, P REGIONAL SCI ASS, PAP P REG SCI ASS, PAP REG SC ASS, PAP REG 
SCI, PAP REG SCI ASSOC, PAPER REGIONAL SCI A, PAPERS P REGIONAL 
SC, PAPERS REGIONAL SCI, REGIONAL SCI, and REGIONAL SCI ASS PAP^ 
Although neither ever had a name change. International Regional Science Review 
appeared 7 unique ways and Journal of Regional Science 4 ways. Likewise, I 
standardised the 6 different ways Michael B. Teitz appeared (TIETZE M, TEITZ M, 
TEITZ MB, TEITZ N, TIETZ MB, and TIETZ M) and the 5 different ways Harry 
W. Richardson appeared (RICHARDSO H, RICHARDSON H, RICHARDSON 
HV, RICHARDSON HW, and RICHARSON H). Standardising the journal names 
reduced their number from 58 to the correct 13 and cleaning up the author names 
reduced the number of authors by more than 550, from 2,832 to 2,273. Returning 
to Wolpert’s case, the data report 9 articles with 272 citations after I corrected 
his name and the journal names. In fact, all those citations are to only 2 articles. 



^ Such unstandardised journal name abbreviations mean that (1) some regional science journals not 
included in Table 1 may have had citations, just not under any of the permutations of their titles that 
I tried, and (2) some citations to articles may be missing from the data because I did not detect the 
particular journal abbreviation that was used. 
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The other 7 articles are phantoms fabricated by people who cited his two papers 
incompletely or incorrectly (wrong year, volume, page, or journal). 

Correcting the 6,181 “article” entries completely for errors and omissions in 
year, volume and page numbers, and even journal and author name is well beyond 
the scope of this study. In fact, sometimes it is impossible to figure out what an 
author had in mind, such as when the information given fits one journal by volume 
and page number and another by year, or fits an article perfectly but with the wrong 
author. Playing sleuth line by line, drawn into the process by the game-like challenge 
of figuring out what was what, aided by tools such as the 25th anniversary index for 
the Journal of Regional Science, going with the odds when an article was cited 27 
times as being 1967 and 3 times as being 1976, and writing software routines to help 
spot inconsistencies, I was able to fill in information and correct errors. Altogether 
I reduced the number of “articles” from 6,182 to 4,597, but errors remain. 

When reading citation studies, including this one, it would be wise to recall the 
words written by Sir Josiah Charles Stamp (1929, pp. 258-259), former Director 
of the Bank of England, and attributed to an English judge: 

The government is very keen on amassing statistics. They collect them, add them, 
raise them to the nth power, take the cube root, and prepare wonderful diagrams. 

But you must never forget that every one of these figures comes in the first instance 
from the village watchman, who just puts down what he damn well pleases. 

Indeed, authors put down what they please, frequently getting wrong the year, 
the volume, or even the cited author’s name. Therefore, the statistics for the number 
of cited articles are overcounts, while the number of citations to a particular article 
and the average citations per cited article are undercounts. 

Table 2 provides some summary statistics by journal to give a useful overview 
of the frequency of citations and the cleaned up data. Articles that are cited more 
than 100 times are rare. Only 11 articles have reached this threshold (ClOO), five 
in the Journal of Regional Science (JRS), 5 in Papers in Regional Science (PiRS) 
and 1 in the International Regional Science Review (IRSR). Table 2 shows the 
sharp drop off from the number of articles cited once or more (Cited articles) to 
those cited three times or more (C3), and so on to 50 and 100 times or more. 
The likelihood of phantom articles created by sloppy referencing declines with the 
number of citations, but recall that the numbers of cited articles are overcounts and 
the average citations (Ave.) are undercounts. 

Table 2 also shows each journal’s share of the articles with more than 5 citations 
and more than 25 citations (5 share and 25 share). The numbers reinforce the 
concentrated oligopoly seen in the total citation counts: 5 journals have 96% of the 
articles cited 5 or more times, and 4 journals have 98% of the articles cited 25 or 
more times. The location quotient (LQ25) shows a concentration in IRSR, PiRS 
and JRS of the 25+ articles relative to the 5+ articles. 
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4 The intellectual leaders by generation and time period 

4.1 The early years, 1954-1968 

Boyce’s history and chronology make evident that regional science took root during 
these 14 years. Add to his chronology of meetings, organisations, and journals the 
fact that the University of Pennsylvania awarded its 13th and 14th doctorates in 
Regional Science in 1968, and there is further evidence to support the conclusion 
that the pioneers had formed settlements by 1968. 

I define the generation of pioneers as those who published their first cited re- 
gional science article during this period. Table 3 lists the 102 of these pioneers 
whose career work in regional science journals was cited most frequently. Appro- 
priately, William Alonso, the first Ph.D. in Regional Science, leads the group. Going 
across the columns. Table 3 tells us that his regional science journal articles were 
cited a total of 276 times. His most cited article drew 106 citations or 38% of his 
total. C5 through C50 are defined as before, with Alonso having written 6 articles 
cited 5 or more times and 2 articles cited 50 or more times. His first cited regional 
science article appeared in 1958 and his last in 1993, or a span of 35 years. 

Within the confines of this article, I shall not offer commentary about the indi- 
viduals and their careers, but I do want to point out differences that Table 3 reveals 
among the citation profiles of these intellectual leaders. It makes clear the different 
ways influential scholars have participated in regional science. Some made their 
contribution entirely with a single article, such as John Herbert and John Kain. 
Some enriched regional science only briefly, but others spanned a quarter century 
or more. Twelve contributed at least 5 papers that were each cited 5 or more times, 
led by Walter Isard with 17, and Martin Beckmann and Benjamin Stevens with 9. 
The first ten in total citations include, by intellectual heritage, three geographers 
(Wolpert, Hagerstrand, and Berry), four economists (Isard, Beckmann, Muth, and 
Quandt), a computer scientist (Cooper), a planner-economist (Stevens), and the first 
regional scientist (Alonso). 

The neglect of co-authorship shows itself in Table 3 and will become readily 
apparent when the articles are identified in full in the sequel to this study. Giving 
credit to Ben Stevens for the Herbert-Stevens paper, for example, would bring his 
citations to 334, but other well-known duos are also among the leaders in Table 3. 

Attention now moves from the career contributions of the pioneering generation 
to the journal literature published from 1955 through 1968. The next list honours 
those whose articles published during this period were cited frequently between 
1982 and 2002. They published the most influential research of the early years. 
The order of names is different, and 14 people appear in Table 4 who were not in 
Table 3. 



4.2 Take-off, 1969-1976 

Boyce’s Expansion Years, 1969 through 1989, can be divided into two periods, a 
take-off from 1969 through 1976 and a spread from 1977 through 1989. The year 
1976 is arguably a watershed year. As Boyce notes, younger European scholars 
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Table 3. Intellectual leaders of the pioneering generation (debut 1955-1968) 



Scholar 


Citations 


Most 


Most % C5 


CIO 


C25 


C50 


First 


Last 


Span 


Alonso W 


276 


106 


38 


6 


4 


4 


2 


1958 


1993 


35 


Wolpert J 


272 


261 


96 


2 


2 


1 


1 


1965 


1977 


12 


Hagerstrand T 


255 


211 


83 


2 


2 


2 


1 


1966 


1989 


23 


Berry BJL 


253 


76 


30 


6 


6 


5 


3 


1958 


1995 


37 


IsardW 


204 


26 


13 


17 


8 


1 


0 


1955 


1999 


44 


Stevens BH 


199 


42 


21 


9 


7 


3 


0 


1958 


1995 


37 


Beckmann MJ 


186 


83 


45 


9 


5 


1 


1 


1955 


1994 


39 


Muth RF 


172 


85 


49 


7 


3 


3 


1 


1961 


1988 


27 


Cooper L 


172 


81 


47 


6 


4 


2 


1 


1967 


1978 


11 


Quandt RE 


152 


104 


68 


4 


3 


1 


1 


1962 


1969 


7 


Herbert JD 


135 


135 


100 


1 


1 


1 


1 


1960 


1960 


0 


Sakashita N 


134 


63 


47 


5 


4 


2 


1 


1967 


1995 


28 


Dacey MF 


123 


47 


38 


7 


5 


1 


0 


1960 


1975 


15 


KuhnHW 


118 


118 


100 


1 


1 


1 


1 


1962 


1962 


0 


Ullman EL 


112 


49 


44 


3 


3 


2 


0 


1958 


1962 


4 


Morrill RL 


105 


48 


46 


5 


3 


2 


0 


1963 


2000 


37 


Kain JF 


103 


103 


100 


1 


1 


1 


1 


1962 


1962 


0 


Teitz MB 


100 


52 


52 


4 


2 


2 


1 


1968 


1994 


26 


Nystuen JD 


87 


87 


100 


1 


1 


1 


1 


1961 


1961 


0 


Nelson P 


86 


86 


100 


1 


1 


1 


1 


1959 


1959 


0 


Miller RE 


79 


39 


49 


4 


4 


1 


0 


1963 


1986 


23 


Harris B 


77 


29 


38 


5 


3 


1 


0 


1964 


1985 


21 


Czamanski S 


74 


32 


43 


4 


3 


1 


0 


1964 


1977 


13 


Stouffer SA 


73 


73 


100 


1 


1 


1 


1 


1960 


1960 


0 


Cumberland JH 


73 


32 


44 


3 


2 


1 


0 


1966 


1986 


20 


Dunn ES 


71 


59 


83 


2 


2 


1 


1 


1956 


1960 


4 


Peterson GL 


69 


69 


100 


1 


1 


1 


1 


1967 


1967 


0 


Scott AJ 


67 


32 


48 


4 


3 


1 


0 


1967 


1991 


24 


ToblerWR 


67 


30 


45 


3 


3 


1 


0 


1965 


1969 


4 


Garrison WL 


67 


48 


72 


3 


2 


1 


0 


1956 


1964 


8 


Marble DF 


66 


32 


48 


3 


3 


1 


0 


1959 


1964 


5 


Curry L 


65 


57 


88 


1 


1 


1 


1 


1967 


1984 


17 


Golledge RG 


64 


38 


59 


3 


3 


1 


0 


1967 


1994 


27 


Hurter AP 


63 


30 


48 


2 


2 


1 


0 


1964 


1985 


21 


Olsson G 


61 


37 


61 


2 


2 


1 


0 


1966 


1975 


9 


HuffDL 


57 


46 


81 


2 


2 


1 


0 


1960 


1961 


1 


Stewart JQ 


56 


53 


95 


1 


1 


1 


1 


1958 


1958 


0 


WamtzW 


54 


18 


33 


4 


2 


0 


0 


1957 


1976 


19 


Blanco C 


48 


48 


100 


1 


1 


1 


0 


1963 


1963 


0 


Rogers A 


45 


15 


33 


4 


2 


0 


0 


1966 


1979 


13 


Leven CL 


43 


11 


26 


6 


1 


0 


0 


1956 


1985 


29 


Schneider M 


40 


40 


100 


1 


1 


1 


0 


1959 


1959 


0 


Casetti E 


40 


19 


48 


2 


1 


0 


0 


1968 


1997 


29 


Moses LN 


37 


31 


84 


2 


1 


1 


0 


1962 


1974 


12 


Goldberg MA 


37 


21 


57 


2 


2 


0 


0 


1967 


1988 


21 


Bachi R 


36 


31 


86 


2 


1 


1 


0 


1963 


1976 


13 


Tiebout CM 


36 


21 


58 


2 


2 


0 


0 


1955 


1968 


13 


BellFW 


36 


36 


100 


1 


1 


1 


0 


1967 


1967 


0 


Hodge GF 


34 


27 


79 


2 


1 


1 


0 


1965 


1972 


7 


Winsborough HH 


33 


28 


85 


2 


1 


1 


0 


1959 


1962 


3 


Christaller W 


33 


33 


100 


1 


1 


1 


0 


1964 


1964 


0 
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Table 3. (continued) 



Scholar 


Citations 


Most 


Most% C5 


CIO 


C25 


C50 


First 


Last 


Span 


Fuchs VR 


32 


18 


56 


2 


2 


0 


0 


1959 


1973 


14 


Smith TR 


31 


19 


61 


1 


1 


0 


0 


1957 


1990 


33 


Gauthier HL 


31 


31 


100 


1 


1 


1 


0 


1968 


1968 


0 


Harris CC 


31 


16 


52 


2 


2 


0 


0 


1968 


1985 


17 


Tinbergen J 


30 


30 


100 


1 


1 


1 


0 


1968 


1968 


0 


von Boventer E 


30 


9 


30 


3 


0 


0 


0 


1961 


1978 


17 


Reiner TA 


29 


12 


41 


3 


1 


0 


0 


1963 


1974 


11 


Rydell CP 


29 


13 


45 


3 


1 


0 


0 


1967 


1980 


13 


Sjaastad LA 


28 


28 


100 


1 


1 


1 


0 


1960 


1960 


0 


Carroll JD 


28 


17 


61 


2 


2 


0 


0 


1955 


1957 


2 


Gould PR 


27 


27 


100 


1 


1 


1 


0 


1967 


1967 


0 


Friedmann J 


24 


14 


58 


2 


1 


0 


0 


1959 


1977 


18 


FoxKA 


24 


18 


75 


2 


1 


0 


0 


1965 


1980 


15 


Medvedkov YV 


23 


22 


96 


1 


1 


0 


0 


1967 


1969 


2 


Artie R 


22 


11 


50 


2 


1 


0 


0 


1962 


1988 


26 


Struyk RJ 


21 


6 


29 


2 


0 


0 


0 


1967 


1992 


25 


BahlRW 


20 


20 


100 


1 


1 


0 


0 


1968 


1968 


0 


Greenhut ML 


20 


11 


55 


1 


1 


0 


0 


1967 


1991 


24 


Kolosovskiy NN 


19 


19 


100 


1 


1 


0 


0 


1961 


1961 


0 


Learner EE 


19 


19 


100 


1 


1 


0 


0 


1968 


1968 


0 


KimS 


19 


9 


47 


2 


0 


0 


0 


1968 


1999 


31 


Klaassen LH 


19 


10 


53 


2 


1 


0 


0 


1962 


1973 


11 


Webber MJ 


19 


17 


89 


1 


1 


0 


0 


1964 


1978 


14 


Woldenberg MJ 


18 


18 


100 


1 


1 


0 


0 


1967 


1967 


0 


Hartman LM 


17 


17 


100 


1 


1 


0 


0 


1967 


1967 


0 


Karaska GJ 


17 


17 


100 


1 


1 


0 


0 


1968 


1968 


0 


Anderson TR 


17 


12 


71 


2 


1 


0 


0 


1956 


1962 


6 


Pfister RL 


17 


13 


76 


1 


1 


0 


0 


1961 


1976 


15 


Dziewohski K 


17 


15 


88 


1 


1 


0 


0 


1961 


1975 


14 


Alcaly RE 


17 


17 


100 


1 


1 


0 


0 


1967 


1967 


0 


Lowry IS 


16 


15 


94 


1 


1 


0 


0 


1963 


1971 


8 


Wingo L 


16 


16 


100 


1 


1 


0 


0 


1961 


1961 


0 


Werner C 


15 


15 


100 


1 


1 


0 


0 


1968 


1968 


0 


Maisel SJ 


14 


14 


100 


1 


1 


0 


0 


1964 


1964 


0 


Famess DH 


14 


11 


79 


1 


1 


0 


0 


1968 


1989 


21 


Duncan OD 


14 


10 


71 


1 


1 


0 


0 


1958 


1959 


1 


Gambini R 


13 


8 


62 


2 


0 


0 


0 


1967 


1968 


1 


Airov J 


12 


8 


67 


1 


0 


0 


0 


1956 


1967 


11 


Pitts FR 


12 


12 


100 


1 


1 


0 


0 


1963 


1963 


0 


Schramm G 


11 


4 


36 


0 


0 


0 


0 


1968 


1987 


19 


Rodwin L 


11 


6 


55 


1 


0 


0 


0 


1958 


1987 


29 


Stone R 


11 


11 


100 


1 


1 


0 


0 


1960 


1960 


0 


Bish RL 


10 


6 


60 


1 


0 


0 


0 


1964 


1969 


5 


Morrissett I 


10 


10 


100 


1 


1 


0 


0 


1958 


1958 


0 


Hoover EM 


10 


8 


80 


1 


0 


0 


0 


1963 


1970 


7 


Williams MV 


10 


10 


100 


1 


1 


0 


0 


1967 


1967 


0 


Mattila JM 


9 


8 


89 


1 


0 


0 


0 


1960 


1973 


13 


Lieberson S 


9 


9 


100 


1 


0 


0 


0 


1962 


1962 


0 


Soffer B 


9 


9 


100 


1 


0 


0 


0 


1961 


1961 


0 


Smith PE 


9 


9 


100 


1 


0 


0 


0 


1961 


1961 


0 


Lasuen JR 


9 


7 


78 


1 


0 


0 


0 


1962 


1971 


9 
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Table 4. Most cited scholars, journal articles published 1955-1968 



Scholar 


Citations Most 


Most% C5 


CIO 


C25 


C50 


First 


Last 


Wolpert J 


261 


261 


100 


1 


1 


1 


1 


1965 


1965 


Berry BJL 


221 


76 


34 


5 


5 


4 


3 


1958 


1968 


Alonso W 


148 


106 


72 


3 


2 


2 


1 


1958 


1967 


Isard W 


139 


26 


19 


12 


7 


1 


0 


1955 


1968 


Herbert JD 


135 


135 


100 


1 


1 


1 


1 


1960 


1960 


Quandt RE 


125 


104 


83 


2 


2 


1 


1 


1962 


1966 


Cooper L 


125 


81 


65 


2 


2 


2 


1 


1967 


1968 


Kuhn HW 


118 


118 


100 


1 


1 


1 


1 


1962 


1962 


Dacey ME 


115 


47 


41 


6 


5 


1 


0 


1960 


1968 


Ullman EL 


112 


49 


44 


3 


3 


2 


0 


1958 


1962 


Stevens BH 


107 


39 


36 


5 


4 


1 


0 


1958 


1968 


Kain JF 


103 


103 


100 


1 


1 


1 


1 


1962 


1962 


Muth RF 


93 


85 


91 


2 


1 


1 


1 


1961 


1965 


Nystuen JD 


87 


87 


100 


1 


1 


1 


1 


1961 


1961 


Morrill RL 


86 


48 


56 


3 


3 


2 


0 


1963 


1968 


Nelson P 


86 


86 


100 


1 


1 


1 


1 


1959 


1959 


Teitz MB 


85 


52 


61 


2 


2 


2 


1 


1968 


1968 


Sakashita N 


80 


63 


79 


2 


2 


1 


1 


1967 


1968 


Stouffer SA 


73 


73 


100 


1 


1 


1 


1 


1960 


1960 


Dunn ES 


71 


59 


83 


2 


2 


1 


1 


1956 


1960 


Peterson GL 


69 


69 


100 


1 


1 


1 


1 


1967 


1967 


Garrison WL 


67 


48 


72 


3 


2 


1 


0 


1956 


1964 


Marble DF 


66 


32 


48 


3 


3 


1 


0 


1959 


1964 


Olsson G 


59 


37 


63 


2 


2 


1 


0 


1966 


1968 


Curry L 


58 


57 


98 


1 


1 


1 


1 


1967 


1968 


HuffDL 


57 


46 


81 


2 


2 


1 


0 


1960 


1961 


Stewart JQ 


56 


53 


95 


1 


1 


1 


1 


1958 


1958 


Wamtz W 


53 


18 


34 


4 


2 


0 


0 


1957 


1967 


ToblerWR 


51 


30 


59 


2 


2 


1 


0 


1965 


1967 


Blanco C 


48 


48 


100 


1 


1 


1 


0 


1963 


1963 


Harris B 


42 


29 


69 


2 


2 


1 


0 


1964 


1968 


Miller RE 


42 


39 


93 


1 


1 


1 


0 


1963 


1966 


Schneider M 


40 


40 


100 


1 


1 


1 


0 


1959 


1959 


Hagerstrand T 


40 


40 


100 


1 


1 


1 


0 


1966 


1966 


Cumberland JH 


38 


32 


84 


1 


1 


1 


0 


1966 


1966 


Golledge RG 


38 


38 


100 


1 


1 


1 


0 


1967 


1967 


Tiebout CM 


36 


21 


58 


2 


2 


0 


0 


1955 


1968 


BellFW 


36 


36 


100 


1 


1 


1 


0 


1967 


1967 


Christaller W 


33 


33 


100 


1 


1 


1 


0 


1964 


1964 


Winsborough HH 


33 


28 


85 


2 


1 


1 


0 


1959 


1962 


Moses LN 


32 


31 


97 


1 


1 


1 


0 


1962 


1962 


Hodge GF 


32 


27 


84 


2 


1 


1 


0 


1965 


1968 


Fuchs VR 


31 


18 


58 


2 


2 


0 


0 


1959 


1962 


Gauthier HL 


31 


31 


100 


1 


1 


1 


0 


1968 


1968 


Bachi R 


31 


31 


100 


1 


1 


1 


0 


1963 


1963 


Tinbergen J 


30 


30 


100 


1 


1 


1 


0 


1968 


1968 


Carroll JD 


28 


17 


61 


2 


2 


0 


0 


1955 


1957 


Sjaastad LA 


28 


28 


100 


1 


1 


1 


0 


1960 


1960 


Gould PR 


27 


27 


100 


1 


1 


1 


0 


1967 


1967 


Czamanski S 


26 


13 


50 


2 


2 


0 


0 


1964 


1965 


Leven CL 


22 


9 


41 


3 


0 


0 


0 


1956 


1964 
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Table 4. (continued) 



Scholar 


Citations 


Most 


Most % C5 


CIO 


C25 


C50 


First 


Last 


Rogers A 


22 


15 


68 


2 


1 


0 


0 


1966 


1967 


Medvedkov YV 


22 


22 


100 


1 


1 


0 


0 


1967 


1967 


BahlRW 


20 


20 


100 


1 


1 


0 


0 


1968 


1968 


Friedmann J 


20 


14 


70 


2 


1 


0 


0 


1959 


1963 


Learner EE 


19 


19 


100 


1 


1 


0 


0 


1968 


1968 


FoxKA 


19 


18 


95 


1 


1 


0 


0 


1965 


1967 


Kolosovskiy NN 


19 


19 


100 


1 


1 


0 


0 


1961 


1961 


Woldenberg MJ 


18 


18 


100 


1 


1 


0 


0 


1967 


1967 


Alcaly RE 


17 


17 


100 


1 


1 


0 


0 


1967 


1967 


Karaska GJ 


17 


17 


100 


1 


1 


0 


0 


1968 


1968 


Hartman LM 


17 


17 


100 


1 


1 


0 


0 


1967 


1967 


Webber M J 


17 


17 


100 


1 


1 


0 


0 


1964 


1964 


Anderson TR 


17 


12 


71 


2 


1 


0 


0 


1956 


1962 


Wingo L 


16 


16 


100 


1 


1 


0 


0 


1961 


1961 


Lowry IS 


15 


15 


100 


1 


1 


0 


0 


1963 


1963 


von Boventer E 


15 


7 


47 


2 


0 


0 


0 


1961 


1967 


Werner C 


15 


15 


100 


1 


1 


0 


0 


1968 


1968 


Maisel SJ 


14 


14 


100 


1 


1 


0 


0 


1964 


1964 


Duncan OD 


14 


10 


71 


1 


1 


0 


0 


1958 


1959 


Rydell CP 


13 


13 


100 


1 


1 


0 


0 


1967 


1967 


Gambini R 


13 


8 


62 


2 


0 


0 


0 


1967 


1968 


Airov J 


12 


8 


67 


1 


0 


0 


0 


1956 


1967 


Pitts FR 


12 


12 


100 


1 


1 


0 


0 


1963 


1963 


Stone R 


11 


11 


100 


1 


1 


0 


0 


1960 


1960 


Williams MV 


10 


10 


100 


1 


1 


0 


0 


1967 


1967 


Morrissett I 


10 


10 


100 


1 


1 


0 


0 


1958 


1958 


Harris CC 


10 


10 


100 


1 


1 


0 


0 


1968 


1968 


Lieberson S 


9 


9 


100 


1 


0 


0 


0 


1962 


1962 


Soffer B 


9 


9 


100 


1 


0 


0 


0 


1961 


1961 


Smith PE 


9 


9 


100 


1 


0 


0 


0 


1961 


1961 


Hurter AP 


8 


4 


50 


0 


0 


0 


0 


1964 


1967 


WardB 


8 


8 


100 


1 


0 


0 


0 


1963 


1963 


Artie R 


8 


8 


100 


1 


0 


0 


0 


1962 


1962 


Mycielski J 


7 


7 


100 


1 


0 


0 


0 


1963 


1963 


Gottlieb M 


7 


7 


100 


1 


0 


0 


0 


1965 


1965 


Easterlin RD 


7 


7 


100 


1 


0 


0 


0 


1958 


1958 


Haggett P 


7 


7 


100 


1 


0 


0 


0 


1967 


1967 


Goldman TA 


7 


7 


100 


1 


0 


0 


0 


1958 


1958 


Kates RW 


7 


7 


100 


1 


0 


0 


0 


1963 


1963 


Kuenne RE 


6 


4 


67 


0 


0 


0 


0 


1962 


1968 


Scott AJ 


6 


6 


100 


1 


0 


0 


0 


1967 


1967 


Struyk RJ 


6 


6 


100 


1 


0 


0 


0 


1967 


1967 


PhilbrickAK 


6 


6 


100 


1 


0 


0 


0 


1957 


1957 


Foley DL 


6 


5 


83 


1 


0 


0 


0 


1956 


1956 


Beckmann MJ 


6 


6 


100 


1 


0 


0 


0 


1955 


1955 


Guthrie HW 


5 


5 


100 


1 


0 


0 


0 


1961 


1961 


Spiegelglas S 


5 


5 


100 


1 


0 


0 


0 


1960 


1960 


Nordbeck S 


5 


5 


100 


1 


0 


0 


0 


1964 


1964 


Reiner TA 


5 


4 


80 


0 


0 


0 


0 


1963 


1965 


Kriebel CH 


5 


5 


100 


1 


0 


0 


0 


1961 


1961 
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Table 5. Intellectual leaders of the take-off generation (debut 1969-1976) 



Scholar 


Citations 


Most 


Most% C5 


CIO 


C25 


C50 


First 


Last 


Span 


Greenwood MJ 


463 


145 


31 


13 


10 


6 


2 


1969 


1997 


28 


Richardson HW 


263 


64 


24 


7 


6 


4 


3 


1974 


1992 


18 


Fujita M 


254 


84 


33 


12 


6 


3 


1 


1976 


2001 


25 


Parr JB 


196 


40 


20 


8 


5 


4 


0 


1969 


1997 


28 


Church RL 


195 


172 


88 


3 


2 


1 


1 


1974 


1992 


18 


Nijkamp P 


170 


22 


13 


11 


7 


0 


0 


1973 


1998 


25 


Vining DR 


166 


115 


69 


5 


4 


1 


1 


1975 


1986 


11 


Niedercom JH 


153 


101 


66 


4 


3 


1 


1 


1969 


1987 


18 


Beyers WB 


123 


68 


55 


4 


3 


2 


1 


1972 


1996 


24 


Graves PE 


117 


46 


39 


4 


4 


2 


0 


1973 


1993 


20 


Smith TE 


no 


34 


31 


7 


2 


2 


0 


1975 


1997 


22 


Wilson AG 


102 


45 


44 


4 


3 


2 


0 


1969 


1986 


17 


KauJB 


101 


18 


18 


8 


5 


0 


0 


1975 


1999 


24 


Cebula RJ 


98 


55 


56 


4 


2 


1 


1 


1973 


1985 


12 


Glickman NJ 


95 


39 


41 


4 


2 


2 


0 


1971 


1988 


17 


Eaton BC 


86 


45 


52 


2 


2 


2 


0 


1976 


1979 


3 


MathurVK 


85 


28 


33 


6 


3 


1 


0 


1970 


1995 


25 


DeSalvo JS 


80 


45 


56 


4 


2 


1 


0 


1970 


1985 


15 


MeraK 


80 


40 


50 


4 


3 


1 


0 


1973 


1995 


22 


Morrison WI 


79 


65 


82 


2 


2 


1 


1 


1974 


1980 


6 


McCarthy KF 


77 


48 


62 


2 


2 


2 


0 


1976 


1977 


1 


Conway RS 


76 


19 


25 


5 


5 


0 


0 


1975 


1990 


15 


Henderson JV 


74 


10 


14 


8 


5 


0 


0 


1972 


1999 


27 


Schaffer WA 


72 


64 


89 


2 


1 


1 


1 


1969 


1973 


4 


Gerking SD 


72 


19 


26 


5 


3 


0 


0 


1976 


2001 


25 


Andersson AE 


64 


21 


33 


4 


2 


0 


0 


1971 


1993 


22 


Cesario FJ 


64 


42 


66 


3 


2 


1 


0 


1973 


1975 


2 


Miemyk WH 


63 


32 


51 


3 


1 


1 


0 


1969 


1987 


18 


Bradfield M 


63 


48 


76 


2 


2 


1 


0 


1971 


1986 


15 


Evans AW 


63 


32 


51 


3 


3 


1 


0 


1975 


1993 


18 


Brown HJ 


63 


53 


84 


2 


2 


1 


1 


1969 


1971 


2 


Takayama T 


60 


35 


58 


2 


2 


1 


0 


1970 


1993 


23 


Toregas C 


56 


56 


100 


1 


1 


1 


1 


1972 


1972 


0 


Shefer D 


55 


46 


84 


2 


1 


1 


0 


1973 


1998 


25 


Klein LR 


52 


29 


56 


2 


2 


1 


0 


1969 


1977 


8 


Pack JR 


51 


51 


100 


1 


1 


1 


1 


1973 


1973 


0 


Greytak D 


50 


21 


42 


4 


2 


0 


0 


1969 


1978 


9 


Brown LA 


50 


31 


62 


3 


1 


1 


0 


1971 


1997 


26 


Steinnes DN 


50 


38 


76 


1 


1 


1 


0 


1974 


1992 


18 


MacKinnon JG 


48 


26 


54 


2 


2 


1 


0 


1975 


1976 


1 


Streit ME 


47 


46 


98 


1 


1 


1 


0 


1969 


1977 


8 


Woodward RS 


46 


46 


100 


1 


1 


1 


0 


1973 


1973 


0 


Emerson DT 


45 


45 


100 


1 


1 


1 


0 


1973 


1973 


0 


Halpem J 


45 


45 


100 


1 


1 


1 


0 


1976 


1976 


0 


Hordijk L 


45 


23 


51 


2 


2 


0 


0 


1974 


1979 


5 


Gamick DH 


45 


21 


47 


3 


3 


0 


0 


1970 


1984 


14 


Ostresh LM 


44 


24 


55 


2 


2 


0 


0 


1975 


1977 


2 


Papageorgiou GJ 


43 


26 


60 


3 


2 


1 


0 


1971 


1988 


17 


Williams HCW 


43 


41 


95 


1 


1 


1 


0 


1976 


1980 


4 


Rushton G 


41 


29 


71 


2 


2 


1 


0 


1972 


1993 


21 


Moriarty BM 


40 


14 


35 


3 


2 


0 


0 


1976 


1993 


17 




Intellectual leaders of regional science 



105 



Table 5. (continued) 



Scholar 


Citations Most 


Most % C5 


CIO 


C25 


C50 


First 


Last 


Span 


Harrison B 


39 


26 


67 


2 


2 


1 


0 


1972 


1982 


10 


Crow RT 


39 


26 


67 


2 


2 


1 


0 


1973 


1979 


6 


Giarratani F 


38 


16 


42 


3 


1 


0 


0 


1974 


1995 


21 


Shoup DC 


37 


37 


100 


1 


1 


1 


0 


1970 


1970 


0 


Weibull JW 


37 


37 


100 


1 


1 


1 


0 


1976 


1976 


0 


Paelinck JHP 


37 


21 


57 


3 


1 


0 


0 


1970 


1996 


26 


Fabricant RA 


37 


37 


100 


1 


1 


1 


0 


1970 


1970 


0 


Esteban-Marquillas JM 


37 


36 


97 


1 


1 


1 


0 


1972 


1972 


0 


McMenamin DG 


37 


37 


100 


1 


1 


1 


0 


1974 


1974 


0 


Uri ND 


36 


12 


33 


2 


1 


0 


0 


1975 


1981 


6 


Romanoff E 


36 


21 


58 


2 


2 


0 


0 


1974 


1995 


21 


ParkSH 


35 


24 


69 


2 


2 


0 


0 


1970 


1981 


11 


Dear M 


35 


33 


94 


1 


1 


1 


0 


1976 


1995 


19 


Levy MB 


35 


20 


57 


2 


2 


0 


0 


1972 


1972 


0 


Pred AR 


34 


25 


74 


2 


1 


1 


0 


1975 


1985 


10 


Thomas MD 


34 


28 


82 


2 


1 


1 


0 


1975 


1977 


2 


Barr JL 


34 


19 


56 


3 


1 


0 


0 


1972 


1976 


4 


Koenker R 


34 


34 


100 


1 


1 


1 


0 


1972 


1972 


0 


Hart RA 


34 


17 


50 


2 


2 


0 


0 


1975 


1975 


0 


Richter CE 


33 


32 


97 


1 


1 


1 


0 


1969 


1970 


1 


Capozza DR 


32 


18 


56 


3 


1 


0 


0 


1976 


1996 


20 


Dokmeci VF 


32 


30 


94 


1 


1 


1 


0 


1973 


1989 


16 


Fisch 0 


32 


7 


22 


3 


0 


0 


0 


1974 


1984 


10 


Drake R 


32 


32 


100 


1 


1 


1 


0 


1976 


1976 


0 


Olvey LD 


31 


30 


97 


1 


1 


1 


0 


1970 


1972 


2 


Goldfarb RS 


31 


25 


81 


2 


1 


1 


0 


1976 


1987 


11 


Denike KG 


31 


31 


100 


1 


1 


1 


0 


1970 


1970 


0 


Zelder RE 


30 


21 


70 


2 


1 


0 


0 


1970 


1977 


7 


Hartwick JM 


30 


18 


60 


1 


1 


0 


0 


1971 


1976 


5 


Pines D 


29 


14 


48 


3 


1 


0 


0 


1970 


1991 


21 


Tellier LN 


29 


12 


41 


2 


1 


0 


0 


1975 


1997 


22 


Roepke H 


29 


29 


100 


1 


1 


1 


0 


1974 


1974 


0 


Walsh BM 


28 


28 


100 


1 


1 


1 


0 


1974 


1974 


0 


Billings BR 


28 


23 


82 


2 


1 


0 


0 


1969 


1970 


1 


Riefler RF 


28 


19 


68 


2 


1 


0 


0 


1970 


1991 


21 


Kawashima T 


28 


28 


100 


1 


1 


1 


0 


1975 


1975 


0 


Fisher WD 


28 


15 


54 


2 


2 


0 


0 


1971 


1975 


4 


Malizia EE 


28 


17 


61 


2 


1 


0 


0 


1974 


1993 


19 


Bradley IE 


28 


23 


82 


1 


1 


0 


0 


1969 


1991 


22 


Davis HC 


27 


7 


26 


2 


0 


0 


0 


1975 


1991 


16 


Moore CL 


27 


21 


78 


1 


1 


0 


0 


1976 


1982 


6 


Gannon CA 


27 


17 


63 


2 


1 


0 


0 


1972 


1974 


2 


Long W 


26 


20 


77 


1 


1 


0 


0 


1970 


1971 


1 


Latham WR 


26 


14 


54 


2 


2 


0 


0 


1976 


1979 


3 


Schweizer U 


26 


10 


38 


3 


1 


0 


0 


1976 


1985 


9 


Bezdek R 


25 


25 


100 


1 


1 


1 


0 


1975 


1975 


0 


Persky J 


25 


11 


44 


2 


1 


0 


0 


1973 


1994 


21 


Lave LB 


25 


15 


60 


2 


2 


0 


0 


1970 


1972 


2 


Wieand KF 


25 


23 


92 


1 


1 


0 


0 


1972 


1973 


1 




106 



A.M. Isserman 



Table 6. Most cited scholars, journal articles published 1969-1976 



Scholar 


Citations Most 


Most%C5 


CIO 


C25 


C50 


First 


Last 


Greenwood MJ 


216 


86 


40 


8 


5 


3 


1 


1969 


1974 


Hagerstrand T 


212 


211 


100 


1 


1 


1 


1 


1970 


1973 


Church RL 


172 


172 


100 


1 


1 


1 


1 


1974 


1974 


Niedercom JH 


150 


101 


67 


4 


3 


1 


1 


1969 


1974 


Parr JB 


147 


40 


27 


4 


4 


4 


0 


1969 


1975 


Beckmann MJ 


147 


83 


56 


6 


5 


1 


1 


1970 


1976 


Wilson AG 


95 


45 


47 


3 


3 


2 


0 


1969 


1974 


Alonso W 


83 


82 


99 


1 


1 


1 


1 


1970 


1971 


Cebula RJ 


82 


55 


67 


3 


2 


1 


1 


1973 


1976 


Nijkamp P 


80 


22 


28 


5 


5 


0 


0 


1973 


1976 


Schaffer WA 


72 


64 


89 


2 


1 


1 


1 


1969 


1973 


Morrison WI 


65 


65 


100 


1 


1 


1 


1 


1974 


1974 


Cesario FJ 


64 


42 


66 


3 


2 


1 


0 


1973 


1975 


Brown HJ 


63 


53 


84 


2 


2 


1 


1 


1969 


1971 


Bradfield M 


61 


48 


79 


2 


2 


1 


0 


1971 


1976 


DeSalvo IS 


57 


45 


79 


2 


1 


1 


0 


1970 


1971 


Toregas C 


56 


56 


100 


1 


1 


1 


1 


1972 


1972 


Glickman NJ 


55 


39 


71 


3 


1 


1 


0 


1971 


1976 


Pack JR 


51 


51 


100 


1 


1 


1 


1 


1973 


1973 


Greytak D 


49 


21 


43 


4 


2 


0 


0 


1969 


1975 


MacKinnon JG 


48 


26 


54 


2 


2 


1 


0 


1975 


1976 


MeraK 


48 


40 


83 


2 


1 


1 


0 


1973 


1973 


Shefer D 


46 


46 


100 


1 


1 


1 


0 


1973 


1973 


Streit ME 


46 


46 


100 


1 


1 


1 


0 


1969 


1969 


Woodward RS 


46 


46 


100 


1 


1 


1 


0 


1973 


1973 


Halpem J 


45 


45 


100 


1 


1 


1 


0 


1976 


1976 


Eaton BC 


45 


45 


100 


1 


1 


1 


0 


1976 


1976 


Emerson DT 


45 


45 


100 


1 


1 


1 


0 


1973 


1973 


Smith TE 


45 


29 


64 


3 


1 


1 


0 


1975 


1976 


Czamanski S 


44 


32 


73 


2 


1 


1 


0 


1969 


1976 


MiemykWH 


43 


32 


74 


1 


1 


1 


0 


1969 


1976 


Williams HCW 


41 


41 


100 


1 


1 


1 


0 


1976 


1976 


Steinnes DN 


40 


38 


95 


1 


1 


1 


0 


1974 


1976 


Esteban-Marquillas JM 


37 


36 


97 


1 


1 


1 


0 


1972 


1972 


McMenamin DG 


37 


37 


100 


1 


1 


1 


0 


1974 


1974 


Shoup DC 


37 


37 


100 


1 


1 


1 


0 


1970 


1970 


Fabricant RA 


37 


37 


100 


1 


1 


1 


0 


1970 


1970 


Weibull JW 


37 


37 


100 


1 


1 


1 


0 


1976 


1976 


IsardW 


35 


13 


37 


3 


1 


0 


0 


1969 


1976 


Levy MB 


35 


20 


57 


2 


2 


0 


0 


1972 


1972 


Cooper L 


35 


21 


60 


3 


1 


0 


0 


1973 


1976 


Koenker R 


34 


34 


100 


1 


1 


1 


0 


1972 


1972 


Barr JL 


34 


19 


56 


3 


1 


0 


0 


1972 


1976 


HartRA 


34 


17 


50 


2 


2 


0 


0 


1975 


1975 


Richter CE 


33 


32 


97 


1 


1 


1 


0 


1969 


1970 


Drake RL 


32 


32 


100 


1 


1 


1 


0 


1976 


1976 


Muth RF 


32 


32 


100 


1 


1 


1 


0 


1973 


1973 


Olvey LD 


31 


30 


97 


1 


1 


1 


0 


1970 


1972 


Dbkmeci VF 


31 


30 


97 


1 


1 


1 


0 


1973 


1974 


Denike KG 


31 


31 


100 


1 


1 


1 


0 


1970 


1970 
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Table 6. (continued) 



Scholar 


Citations 


Most 


Most% C5 


CIO 


C25 


C50 


First 


Last 


Brown LA 


31 


31 


100 


1 


1 


1 


0 


1971 


1971 


Hartwick JM 


30 


18 


60 


1 


1 


0 


0 


1971 


1976 


McCarthy KF 


29 


29 


100 


1 


1 


1 


0 


1976 


1976 


Roepke H 


29 


29 


100 


1 


1 


1 


0 


1974 


1974 


Klein LR 


29 


29 


100 


1 


1 


1 


0 


1969 


1969 


Beyers WB 


28 


28 


100 


1 


1 


1 


0 


1972 


1972 


KauJB 


28 


18 


64 


2 


1 


0 


0 


1975 


1976 


Billings BR 


28 


23 


82 


2 


1 


0 


0 


1969 


1970 


Paelinck JHP 


28 


21 


75 


2 


1 


0 


0 


1970 


1976 


Thomas MD 


28 


28 


100 


1 


1 


1 


0 


1975 


1975 


Kawashima T 


28 


28 


100 


1 


1 


1 


0 


1975 


1975 


Walsh BM 


28 


28 


100 


1 


1 


1 


0 


1974 


1974 


Fisher WD 


28 


15 


54 


2 


2 


0 


0 


1971 


1975 


Quandt RE 


27 


20 


74 


2 


1 


0 


0 


1969 


1969 


MathurVK 


27 


11 


41 


3 


1 


0 


0 


1970 


1976 


Gannon CA 


27 


17 


63 


2 


1 


0 


0 


1972 


1974 


Harrison B 


26 


26 


100 


1 


1 


1 


0 


1972 


1972 


Long W 


26 


20 


77 


1 


1 


0 


0 


1970 


1971 


Papageorgiou GJ 


26 


26 


100 


1 


1 


1 


0 


1971 


1971 


Crow RT 


26 


26 


100 


1 


1 


1 


0 


1973 


1973 


GoldfarbRS 


26 


25 


96 


1 


1 


1 


0 


1976 


1976 


Zelder RE 


25 


21 


84 


1 


1 


0 


0 


1970 


1972 


Pred AR 


25 


25 


100 


1 


1 


1 


0 


1975 


1975 


Hurter AP 


25 


24 


96 


1 


1 


0 


0 


1972 


1976 


Wieand KF 


25 


23 


92 


1 


1 


0 


0 


1972 


1973 


Bezdek R 


25 


25 


100 


1 


1 


1 


0 


1975 


1975 


Lave LB 


25 


15 


60 


2 


2 


0 


0 


1970 


1972 


Riefler RF 


24 


19 


79 


2 


1 


0 


0 


1970 


1976 


Love RF 


24 


24 


100 


1 


1 


0 


0 


1972 


1972 


Cliff AD 


24 


17 


71 


2 


1 


0 


0 


1969 


1969 


Reiner TA 


24 


12 


50 


3 


1 


0 


0 


1971 


1974 


Cordey-Hayes M 


23 


20 


87 


1 


1 


0 


0 


1973 


1974 


Watson PL 


23 


11 


48 


2 


2 


0 


0 


1974 


1975 


Smith DM 


23 


21 


91 


1 


1 


0 


0 


1975 


1975 


Casetti E 


23 


19 


83 


1 


1 


0 


0 


1969 


1975 


Cameron GC 


23 


23 


100 


1 


1 


0 


0 


1973 


1973 


Hordijk L 


23 


23 


100 


1 


1 


0 


0 


1974 


1974 


Bradley IE 


23 


23 


100 


1 


1 


0 


0 


1969 


1969 


Hall OP 


22 


22 


100 


1 


1 


0 


0 


1974 


1974 


Banerji S 


22 


22 


100 


1 


1 


0 


0 


1974 


1974 


Floyd CF 


21 


12 


57 


2 


1 


0 


0 


1972 


1975 


Gamick DH 


21 


21 


100 


1 


1 


0 


0 


1970 


1970 


Conroy ME 


21 


21 


100 


1 


1 


0 


0 


1974 


1974 


Romanoff E 


21 


21 


100 


1 


1 


0 


0 


1974 


1974 


Miller EM 


21 


17 


81 


1 


1 


0 


0 


1972 


1974 


Takayama T 


21 


21 


100 


1 


1 


0 


0 


1970 


1970 


Braschler C 


21 


19 


90 


1 


1 


0 


0 


1972 


1975 


Fano PL 


21 


21 


100 


1 


1 


0 


0 


1969 


1969 


Choukroun JM 


20 


20 


100 


1 


1 


0 


0 


1975 


1975 


Ostresh LM 


20 


20 


100 


1 


1 


0 


0 


1975 


1975 


Riew J 


20 


20 


100 


1 


1 


0 


0 


1973 


1973 


KohnRE 


20 


12 


60 


2 


1 


0 


0 


1973 


1974 


Harvey D 


20 


20 


100 


1 


1 


0 


0 


1970 


1970 
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had partial control of the programme for the European meetings for the first time 
that year. Similarly, younger North American scholars had successfully pushed for 
wider participation in the North- American meetings, which resulted in six parallel 
sessions in 1976. Walter Isard received his first honorary doctorate that year, and a 
new regional science journal was turned over entirely to a new generation of recent 
Ph.D.s in 1976. Further completing the take-off, the University of Pennsylvania 
granted 10 Ph.D.s in Regional Science in 1976, bringing the total earned to 60, an 
increase of 46 during those eight take-off years. 

Table 5 shows the generation of intellectual leaders who first made their appear- 
ance during the take-off years and shaped the baby boomers to follow. At the top 
of this list are two prolific economists, Michael Greenwood and Harry Richardson, 
who literally defined much of regional economics with their research. Four regional 
science faculty members at Pennsylvania are among the leaders - Masahisa Fujita, 
Tony Smith, John Parr, and Daniel Vining, the first two having earned regional 
science doctorates there. Economists, geographers and an engineer are among the 
dozen most cited, including Peter Nijkamp from The Netherlands and Alan Wilson 
from England, both of whom prove to be remarkable research entrepreneurs and 
organisers, as well as influential scholars. 

The most cited articles published during the take-off period reflect a blend of 
the generations of scholars, but there is a startling disconnect: 91 scholars among 
the 101 scholars whose work during the pioneering period was cited most do not 
appear on the list of most cited scholars for the take-off period. Only Hagerstrand 
(2nd in the take-off period), Beckmann (6th), Alonso (8th), Czamanski (30th), Isard 
(39th), Cooper (41st), Muth (47th), Quandt (64th), Hurter (74th), and Reiner (81st) 
published research during both periods that was among the most cited in each. There 
may indeed be a life-cycle effect for influential journal research and/or participation 
in the regional science journals. 



4.3 Spread, 1977-1989 

The milestones of the spread years include the beginning of the World Congresses, 
the institution of the Founder’s Medal, the revision of the constitution to create 
the Regional Science Association International, the birth of new sections, and the 
decision to make Papers in Regional Science a quarterly journal (Florax and Plane 
2004). There are more personal signs of decentralisation and diffusion, too, as 
Walter Isard went to Cornell University, Benjamin Stevens moved the Regional 
Science Research Institute to Amherst, and David Boyce went to the University 
of Illinois, soon to be followed by the administrative office of the RSA. In the 
meantime, Pennsylvania awarded 67 more doctorates in Regional Science, bringing 
the total to 127. 

The debut generation during the spread years includes many recent Ph.D.s but 
also well established scholars who contributed to the cited regional science journal 
literature for the first time. Among the latter are Niles Hansen, second on the list, 
whose books and cited articles in economics journals in the 1960s would place 
him in the pioneering generation. Leading the list is Luc Anselin, who received his 
regional science Ph.D. from Cornell. Third is Jan Brueckner, who received a Ph.D. 
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in economics at Stanford with Richard Muth, the eighth most cited scholar in the 
pioneering generation. Perhaps a warning sign is that the Pennsylvania faculty has 
no one among this new generation’s first 50 leaders, unlike its very prominent role 
in the take-off generation. 

Citations to research conducted during the period show that life cycle effect 
again: 91 of the 103 leading scholars in 1969-1976 are not among the leading schol- 
ars in 1977-1989. Bridging the two time-periods are Greenwood (1st in the take-off 
period and 2nd in the expansion period), Beyers (21st in the expansion period), Kau 
(25th), Tony Smith (39th), Mathur (45th), McCarthy (59th), Muth (60th), Alonso 
(68th), Nijkamp (69th), Eaton (72nd), Glickman (74th), and Takayama (80th). Only 
William Alonso and Richard Muth are among the research leaders in all three pe- 
riods. Pennsylvania is represented among the most influential scholars during the 
spread period by Fujita, Smith, and Vining from the take-off generation and Ronald 
Miller from the pioneering generation. 



4.4 Present, 1990-2002 

Boyce describes this period as the Maturing Years. He notes the commercialisation 
of the main journals (see Table 1), the establishment of the reorganised Regional 
Science Association International, administrative changes, and more international 
firsts, as well as the closing of the Department of Regional Science at Pennsylvania 
in 1993 and the deaths of several pioneers, including Bill Alonso, Barclay Jones 
and Ben Stevens. 

The research citations show a new generation at work, however, again a com- 
bination of new scholars getting started and senior scholars finding their way into 
regional science journals. This generation is led in citations by Paul Krugman, the 
distinguished economist, who proclaimed the New Economic Geography and en- 
gaged actively with the regional science community. His article in the Journal of 
Regional Science in 1993 has passed the 50 citations threshold and his two articles 
in the International Regional Science Review in 1996 and 1999 already exceed 25. 
As was the case with the pioneering generation, some intellectual leaders of the 
present generation might turn out to be one-shot regional scientists, with a well- 
received paper in a regional science journal as part of their scholarly portfolio. 
On the other hand, seven scholars in the 1990s generation have already had three 
or more articles reach the five citations threshold, among them, two well estab- 
lished scholars, Ann Markusen, the noted planner-economist, and Harry Kelejian, 
the accomplished econometrician. Another 13 scholars have passed the threshold 
twice. 

Perhaps instead of maturity, we see here a new generation of scholars figuring 
out their commitments and roles in an evolving regional science and balancing 
their personal portfolios between regional science and other journals, just as indi- 
viduals in every preceding generation have done. Among them already are found 
editors, conference organisers, officers, and others active in the regional science 
organisations. 

The scholars with the most citations to their research published in the 1990s 
include members of the new generation as well as previous ones. Yet, there is far 
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Table 7. Intellectual leaders of the spread generation (debut 1977-1989) 



Scholar 


Citations 


Most 


Most % C5 


CIO 


C25 


C50 


First 


Last 


Span 


Anselin L 


258 


52 


20 


14 


10 


2 


1 


1982 


2000 


18 


Hansen NM 


254 


47 


19 


13 


11 


3 


0 


1977 


1997 


20 


Brueckner JK 


172 


21 


12 


12 


7 


0 


0 


1978 


2001 


23 


Carlino GA 


164 


71 


43 


5 


4 


2 


1 


1979 


1999 


20 


Isserman AM 


160 


48 


30 


6 


6 


3 


0 


1980 


1996 


16 


Quigley JM 


140 


98 


70 


2 


2 


2 


1 


1977 


1986 


9 


Mulligan GF 


137 


33 


24 


11 


4 


1 


0 


1979 


1996 


17 


Friesz TL 


119 


53 


45 


4 


3 


2 


1 


1983 


1988 


5 


Coffey WJ 


113 


41 


36 


4 


3 


3 


0 


1979 


1996 


17 


Snickars F 


108 


99 


92 


1 


1 


1 


1 


1977 


1989 


12 


Herzog HW 


102 


28 


27 


5 


5 


1 


0 


1977 


1995 


18 


Nagumey A 


96 


45 


47 


5 


2 


2 


0 


1986 


1994 


8 


StohrWB 


93 


44 


47 


3 


3 


2 


0 


1977 


1986 


9 


Anas A 


92 


36 


39 


7 


2 


1 


0 


1981 


1995 


14 


Mankiw NG 


92 


90 


98 


1 


1 


1 


1 


1989 


1992 


3 


Beale CL 


89 


89 


100 


1 


1 


1 


1 


1977 


1977 


0 


Jensen RC 


86 


36 


42 


7 


2 


1 


0 


1978 


1991 


13 


Wildasin DE 


84 


40 


48 


4 


3 


1 


0 


1980 


1997 


17 


Moomaw RL 


83 


28 


34 


5 


3 


1 


0 


1981 


1998 


17 


Malecki EJ 


81 


40 


49 


4 


2 


1 


0 


1978 


2000 


22 


Rietveld P 


79 


32 


41 


5 


3 


1 


0 


1980 


1998 


18 


Sheppard ES 


79 


34 


43 


5 


3 


1 


0 


1980 


1998 


18 


Round JI 


78 


30 


38 


4 


4 


1 


0 


1978 


1987 


9 


Harrigan FJ 


77 


14 


18 


7 


6 


0 


0 


1981 


1993 


12 


Drezner Z 


75 


19 


25 


5 


3 


0 


0 


1978 


2001 


23 


Suarez- Villa L 


74 


14 


19 


7 


4 


0 


0 


1980 


1993 


13 


Oosterhaven J 


72 


23 


32 


6 


3 


0 


0 


1980 


1998 


18 


Flowerdew R 


72 


60 


83 


2 


1 


1 


1 


1982 


1992 


10 


Stabler JC 


71 


43 


61 


4 


2 


1 


0 


1977 


1999 


22 


Abdel-Rahman HM 


70 


39 


56 


5 


1 


1 


0 


1988 


1998 


10 


Florian M 


70 


70 


100 


1 


1 


1 


1 


1982 


1982 


0 


Clapp JM 


70 


32 


46 


3 


1 


1 


0 


1977 


1986 


9 


Ogawa H 


69 


65 


94 


1 


1 


1 


1 


1980 


1982 


2 


Beeson PE 


65 


34 


52 


2 


2 


2 


0 


1983 


1998 


15 


Fischer MM 


65 


23 


35 


5 


2 


0 


0 


1980 


1998 


18 


Alperovich G 


64 


16 


25 


6 


2 


0 


0 


1979 


1996 


17 


Martinich JS 


63 


28 


44 


4 


2 


1 


0 


1982 


1990 


8 


Bartels CPA 


62 


28 


45 


3 


3 


1 


0 


1977 


1982 


5 


LeSage JP 


62 


20 


32 


5 


3 


0 


0 


1986 


1997 


11 


Follain JR 


62 


59 


95 


1 


1 


1 


1 


1980 


1985 


5 


Miller SM 


61 


61 


100 


1 


1 


1 


1 


1978 


1978 


0 


Batten DF 


61 


17 


28 


5 


3 


0 


0 


1982 


1990 


8 


West CT 


61 


26 


43 


4 


2 


1 


0 


1982 


1995 


13 


Pickles AR 


60 


30 


50 


3 


2 


1 


0 


1983 


1986 


3 


Wheat LF 


59 


54 


92 


2 


1 


1 


1 


1977 


1986 


9 


Plane DA 


59 


19 


32 


4 


3 


0 


0 


1981 


1994 


13 


Bolton R 


58 


35 


60 


3 


2 


1 


0 


1980 


1995 


15 
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Table 7. (continued) 



Scholar 


Citations 


Most 


Most% C5 


CIO 


C25 


C50 


First 


Last 


Span 


Amott RJ 


57 


28 


49 


3 


2 


1 


0 


1977 


2000 


23 


loannides YM 


56 


33 


59 


3 


2 


1 


0 


1987 


1996 


9 


White MJ 


54 


43 


80 


2 


1 


1 


0 


1977 


1981 


4 


Eswaran M 


54 


49 


91 


2 


1 


1 


0 


1981 


1986 


5 


Friedman J 


53 


40 


75 


2 


2 


1 


0 


1989 


1992 


3 


Holtz-Eakin D 


53 


24 


45 


4 


3 


0 


0 


1989 


1996 


7 


Clark DE 


53 


14 


26 


5 


3 


0 


0 


1988 


1997 


9 


Liew CK 


52 


18 


35 


5 


3 


0 


0 


1977 


1991 


14 


Milne WJ 


49 


23 


47 


2 


2 


0 


0 


1980 


1985 


5 


Haining RP 


49 


15 


31 


5 


2 


0 


0 


1978 


1996 


18 


Lakshmanan TR 


48 


18 


38 


3 


1 


0 


0 


1980 


1995 


15 


Rose A 


47 


12 


26 


4 


3 


0 


0 


1977 


1997 


20 


Burford RL 


47 


21 


45 


2 


2 


0 


0 


1977 


1982 


5 


Griffith DA 


46 


20 


43 


4 


1 


0 


0 


1983 


1999 


16 


OhtaH 


46 


28 


61 


3 


1 


1 


0 


1980 


1988 


8 


Gordon P 


46 


30 


65 


2 


2 


1 


0 


1977 


1992 


15 


Camagni RP 


46 


22 


48 


3 


2 


0 


0 


1984 


1999 


15 


Ballard KP 


45 


24 


53 


2 


2 


0 


0 


1977 


1980 


3 


Turnbull GK 


45 


12 


27 


3 


1 


0 


0 


1988 


1994 


6 


Dafermos S 


45 


28 


62 


2 


2 


1 


0 


1986 


1987 


1 


Mai CC 


44 


38 


86 


1 


1 


1 


0 


1978 


1994 


16 


Porell FW 


43 


27 


63 


2 


2 


1 


0 


1981 


1982 


1 


Polese M 


41 


31 


76 


2 


1 


1 


0 


1981 


1999 


18 


Hsu SK 


41 


17 


41 


2 


2 


0 


0 


1983 


2000 


17 


Beaumont JR 


40 


22 


55 


2 


2 


0 


0 


1980 


1984 


4 


Hamilton JH 


40 


27 


68 


2 


1 


1 


0 


1983 


1992 


9 


Berliant M 


40 


19 


48 


3 


2 


0 


0 


1985 


1994 


9 


Cochrane SG 


39 


35 


90 


1 


1 


1 


0 


1988 


1990 


2 


Sen A 


39 


20 


51 


3 


2 


0 


0 


1981 


1999 


18 


Amos OM 


39 


11 


28 


4 


1 


0 


0 


1983 


1995 


12 


Jones DW 


38 


8 


21 


3 


0 


0 


0 


1980 


1995 


15 


Tabuchi T 


37 


15 


41 


3 


2 


0 


0 


1984 


1999 


15 


Blommestein HJ 


37 


21 


57 


3 


1 


0 


0 


1983 


1992 


9 


HuaC 


37 


37 


100 


1 


1 


1 


0 


1979 


1979 


0 


Ginsberg RH 


36 


19 


53 


2 


2 


0 


0 


1979 


1979 


0 


Krumm RJ 


36 


24 


67 


2 


1 


0 


0 


1983 


1988 


5 


Goodman AC 


36 


20 


56 


2 


2 


0 


0 


1981 


1990 


9 


Costa JD 


35 


34 


97 


1 


1 


1 


0 


1987 


1987 


0 


Renas SM 


35 


17 


49 


3 


1 


0 


0 


1978 


1983 


5 


Weinberg DH 


35 


35 


100 


1 


1 


1 


0 


1979 


1979 


0 


Madden M 


34 


15 


44 


3 


2 


0 


0 


1980 


1993 


13 


BlumU 


34 


20 


59 


2 


1 


0 


0 


1982 


1997 


15 


Boyce DE 


34 


14 


41 


3 


2 


0 


0 


1987 


1988 


1 


Knapp TA 


34 


32 


94 


1 


1 


1 


0 


1989 


1992 


3 


Liaw KL 


34 


20 


59 


2 


2 


0 


0 


1978 


1988 


10 


Bailly AS 


34 


23 


68 


1 


1 


0 


0 


1984 


1995 


11 


Schoenberger E 


33 


33 


100 


1 


1 


1 


0 


1988 


1988 


0 


Crihfield JB 


33 


12 


36 


3 


1 


0 


0 


1989 


1997 


8 


Braid RM 


33 


6 


18 


2 


0 


0 


0 


1986 


1998 


12 


Cushing BJ 


33 


11 


33 


4 


2 


0 


0 


1986 


1989 


3 


Thill J-C 


33 


14 


42 


3 


1 


0 


0 


1986 


1997 


11 
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Table 8. Most cited scholars, journal articles published 1977-1989 



Scholar 


Citations 


Most 


Most% C5 


CIO 


C25 


C50 


First 


Last 


Richardson HW 


244 


64 


26 


6 


5 


4 


3 


1977 


1988 


Greenwood MJ 


224 


145 


65 


4 


4 


3 


1 


1978 


1987 


Fujita M 


164 


84 


51 


7 


3 


2 


1 


1980 


1988 


Vining DR 


155 


115 


74 


4 


3 


1 


1 


1977 


1986 


Brueckner JK 


143 


21 


15 


10 


7 


0 


0 


1978 


1989 


Quigley JM 


140 


98 


70 


2 


2 


2 


1 


1977 


1986 


Carlino GA 


134 


71 


53 


3 


3 


2 


1 


1979 


1987 


Friesz TL 


119 


53 


45 


4 


3 


2 


1 


1983 


1988 


Anselin L 


116 


52 


45 


6 


5 


1 


1 


1982 


1988 


Snickars F 


108 


99 


92 


1 


1 


1 


1 


1977 


1989 


Mulligan GF 


103 


33 


32 


7 


4 


1 


0 


1979 


1989 


Coffey WJ 


102 


41 


40 


3 


3 


3 


0 


1979 


1989 


Hansen NM 


100 


29 


29 


7 


5 


1 


0 


1977 


1988 


StohrWB 


93 


44 


47 


3 


3 


2 


0 


1977 


1986 


Stevens BH 


91 


42 


46 


4 


3 


2 


0 


1980 


1987 


Mankiw NG 


91 


90 


99 


1 


1 


1 


1 


1989 


1989 


Nagumey A 


89 


45 


51 


4 


2 


2 


0 


1986 


1989 


Herzog HW 


89 


28 


31 


4 


4 


1 


0 


1977 


1986 


Beale CL 


89 


89 


100 


1 


1 


1 


1 


1977 


1977 


Graves PE 


88 


46 


52 


2 


2 


2 


0 


1980 


1989 


Beyers WB 


81 


68 


84 


2 


1 


1 


1 


1978 


1985 


Round JI 


78 


30 


38 


4 


4 


1 


0 


1978 


1987 


Clapp JM 


70 


32 


46 


3 


1 


1 


0 


1977 


1986 


Florian M 


70 


70 


100 


1 


1 


1 


1 


1982 


1982 


KauJB 


70 


17 


24 


6 


4 


0 


0 


1977 


1983 


Ogawa H 


69 


65 


94 


1 


1 


1 


1 


1980 


1982 


Anas A 


69 


36 


52 


5 


1 


1 


0 


1981 


1989 


Harrigan FJ 


67 


14 


21 


6 


5 


0 


0 


1981 


1989 


Oosterhaven J 


64 


23 


36 


5 


3 


0 


0 


1980 


1989 


Rowerdew R 


64 


60 


94 


1 


1 


1 


1 


1982 


1989 


Stabler JC 


63 


43 


68 


3 


2 


1 


0 


1977 


1988 


Beeson PE 


63 


34 


54 


2 


2 


2 


0 


1983 


1989 


Bartels CPA 


62 


28 


45 


3 


3 


1 


0 


1977 


1982 


Follain JR 


62 


59 


95 


1 


1 


1 


1 


1980 


1985 


Sheppard ES 


62 


34 


55 


4 


2 


1 


0 


1980 


1984 


Moomaw R1 


62 


28 


45 


4 


2 


1 


0 


1981 


1986 


Miller SM 


61 


61 


100 


1 


1 


1 


1 


1978 


1978 


Isserman AM 


61 


48 


79 


2 


2 


1 


0 


1980 


1982 


Smith TE 


61 


34 


56 


4 


1 


1 


0 


1978 


1988 


Pickles AR 


60 


30 


50 


3 


2 


1 


0 


1983 


1986 


Wheat LF 


59 


54 


92 


2 


1 


1 


1 


1977 


1986 


Alperovich G 


58 


16 


28 


6 


2 


0 


0 


1979 


1983 


Jensen RC 


57 


36 


63 


4 


1 


1 


0 


1978 


1987 


Malecki EJ 


56 


40 


71 


3 


1 


1 


0 


1978 


1983 


MathurVK 


55 


28 


51 


3 


2 


1 


0 


1980 


1988 


Suarez- Villa L 


55 


14 


25 


5 


3 


0 


0 


1980 


1987 


Batten DF 


55 


17 


31 


5 


3 


0 


0 


1982 


1988 


Eswaran M 


54 


49 


91 


2 


1 


1 


0 


1981 


1986 
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Table 8. (continued) 



Scholar 


Citations 


Most 


Most % C5 


CIO 


C25 


C50 


First 


Last 


White MJ 


54 


43 


80 


2 


1 


1 


0 


1977 


1981 


West CT 


53 


26 


49 


3 


2 


1 


0 


1982 


1988 


Martinich JS 


52 


28 


54 


3 


2 


1 


0 


1982 


1987 


Clarke M 


51 


32 


63 


3 


1 


1 


0 


1983 


1989 


Bolton R 


51 


35 


69 


2 


2 


1 


0 


1980 


1988 


Rietveld P 


50 


32 


64 


3 


1 


1 


0 


1980 


1989 


Plane DA 


50 


19 


38 


3 


3 


0 


0 


1981 


1989 


Liew CK 


49 


18 


37 


5 


3 


0 


0 


1977 


1988 


McCarthy KF 


48 


48 


100 


1 


1 


1 


0 


1977 


1977 


Muth RF 


47 


25 


53 


4 


1 


1 


0 


1978 


1988 


Burford RL 


47 


21 


45 


2 


2 


0 


0 


1977 


1982 


Drezner Z 


46 


19 


41 


2 


2 


0 


0 


1978 


1986 


loannides YM 


46 


33 


72 


2 


2 


1 


0 


1987 


1989 


OhtaH 


46 


28 


61 


3 


1 


1 


0 


1980 


1988 


Dafermos S 


45 


28 


62 


2 


2 


1 


0 


1986 


1987 


Ballard KP 


45 


24 


53 


2 


2 


0 


0 


1977 


1980 


Gerking SD 


44 


19 


43 


3 


2 


0 


0 


1977 


1981 


Alonso W 


44 


39 


89 


2 


1 


1 


0 


1977 


1980 


Nijkamp P 


44 


12 


27 


3 


1 


0 


0 


1977 


1989 


Gordon P 


44 


30 


68 


2 


2 


1 


0 


1977 


1989 


Porell FW 


43 


27 


63 


2 


2 


1 


0 


1981 


1982 


Eaton BC 


41 


41 


100 


1 


1 


1 


0 


1979 


1979 


Rose A 


41 


12 


29 


4 


3 


0 


0 


1977 


1989 


Glickman NJ 


40 


38 


95 


1 


1 


1 


0 


1977 


1988 


Mai CC 


40 


38 


95 


1 


1 


1 


0 


1978 


1981 


Beaumont JR 


40 


22 


55 


2 


2 


0 


0 


1980 


1984 


Conway RS 


39 


13 


33 


3 


3 


0 


0 


1978 


1980 


Amott RJ 


39 


28 


72 


2 


1 


1 


0 


1977 


1986 


Sakashita N 


38 


26 


68 


2 


2 


1 


0 


1980 


1989 


Takayama T 


38 


35 


92 


1 


1 


1 


0 


1979 


1983 


Lakshmanan TR 


37 


18 


49 


2 


1 


0 


0 


1980 


1987 


HuaC 


37 


37 


100 


1 


1 


1 


0 


1979 


1979 


Cochrane SG 


37 


35 


95 


1 


1 


1 


0 


1988 


1988 


Ginsberg RH 


36 


19 


53 


2 


2 


0 


0 


1979 


1979 


Krumm RJ 


36 


24 


67 


2 


1 


0 


0 


1983 


1988 


Blommestein HJ 


35 


21 


60 


3 


1 


0 


0 


1983 


1986 


Hamilton JH 


35 


27 


77 


1 


1 


1 


0 


1983 


1989 


Miller RE 


35 


12 


34 


3 


3 


0 


0 


1980 


1986 


Renas SM 


35 


17 


49 


3 


1 


0 


0 


1978 


1983 


Weinberg DH 


35 


35 


100 


1 


1 


1 


0 


1979 


1979 


Andersson AE 


35 


21 


60 


2 


1 


0 


0 


1979 


1986 


Costa JD 


35 


34 


97 


1 


1 


1 


0 


1987 


1987 


Boyce DE 


34 


14 


41 


3 


2 


0 


0 


1987 


1988 


Liaw KL 


34 


20 


59 


2 


2 


0 


0 


1978 


1988 


Haining RP 


34 


15 


44 


3 


2 


0 


0 


1978 


1986 


Dear M 


33 


33 


100 


1 


1 


1 


0 


1978 


1978 


Scott AJ 


33 


32 


97 


1 


1 


1 


0 


1978 


1983 


Polese M 


33 


31 


94 


1 


1 


1 


0 


1981 


1982 


BlumU 


33 


20 


61 


2 


1 


0 


0 


1982 


1982 


Cushing BJ 


33 


11 


33 


4 


2 


0 


0 


1986 


1989 


Schoenberger E 


33 


33 


100 


1 


1 


1 


0 


1988 


1988 
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Table 9. Intellectual leaders of the nineties generation (debut 1990-1999) 



Scholar 


Citations 


Most 


Most % C5 


CIO 


C25 


C50 


First 


Last 


Span 


Krugman P 


78 


52 


67 


3 


2 


1 


1 


1993 


1999 


6 


Garcia-Mila T 


76 


62 


82 


2 


2 


1 


1 


1992 


1998 


6 


Bucovetsky S 


67 


67 


100 


1 


1 


1 


1 


1991 


1991 


0 


Giuliano G 


62 


62 


100 


1 


1 


1 


1 


1991 


1991 


0 


Helsley RW 


61 


30 


49 


3 


2 


1 


0 


1990 


1995 


5 


McMillen DP 


47 


17 


36 


4 


2 


0 


0 


1991 


1999 


8 


Kelejian HH 


45 


21 


47 


3 


2 


0 


0 


1992 


1997 


5 


Markusen AR 


41 


19 


46 


3 


2 


0 


0 


1991 


2000 


9 


HoytWH 


39 


28 


72 


2 


1 


1 


0 


1991 


1999 


8 


Wilson JD 


38 


38 


100 


1 


1 


1 


0 


1991 


1991 


0 


Can A 


36 


28 


78 


2 


1 


1 


0 


1991 


1992 


1 


Voith RP 


30 


16 


53 


2 


2 


0 


0 


1991 


1998 


7 


Oregan KM 


30 


17 


57 


2 


2 


0 


0 


1991 


1993 


2 


Esparza A 


29 


13 


45 


3 


2 


0 


0 


1993 


1996 


3 


Boamet MG 


27 


17 


63 


2 


1 


0 


0 


1994 


1998 


4 


Portney PR 


25 


25 


100 


1 


1 


1 


0 


1990 


1990 


0 


Densham PJ 


25 


25 


100 


1 


1 


1 


0 


1992 


1992 


0 


Robison MH 


24 


12 


50 


2 


1 


0 


0 


1991 


1997 


6 


Rickman DS 


24 


10 


42 


3 


1 


0 


0 


1992 


1995 


3 


Couclelis H 


22 


22 


100 


1 


1 


0 


0 


1991 


1991 


0 


Dubin RA 


20 


20 


100 


1 


1 


0 


0 


1992 


1992 


0 


Ihlanfeldt KR 


20 


13 


65 


2 


1 


0 


0 


1990 


1999 


9 


Duffy-Deno KT 


19 


14 


74 


2 


1 


0 


0 


1992 


1998 


6 


WalzU 


19 


12 


63 


2 


1 


0 


0 


1996 


1996 


0 


ShuklaV 


19 


19 


100 


1 


1 


0 


0 


1991 


1991 


0 


Porter ME 


18 


18 


100 


1 


1 


0 


0 


1996 


1996 


0 


Burbidge JB 


18 


18 


100 


1 


1 


0 


0 


1994 


1994 


0 


Partridge MD 


18 


7 


39 


1 


0 


0 


0 


1993 


1999 


6 


Case A 


18 


18 


100 


1 


1 


0 


0 


1992 


1992 


0 


Eaton J 


18 


17 


94 


1 


1 


0 


0 


1997 


1997 


0 


Seitz H 


16 


10 


63 


2 


1 


0 


0 


1993 


1996 


3 


Belsky ES 


16 


16 


100 


1 


1 


0 


0 


1990 


1990 


0 


McCann P 


16 


10 


63 


1 


1 


0 


0 


1993 


1995 


2 


Zhang WB 


15 


7 


47 


1 


0 


0 


0 


1991 


1994 


3 


Mehay SL 


15 


15 


100 


1 


1 


0 


0 


1990 


1990 


0 


Glazer A 


15 


14 


93 


1 


1 


0 


0 


1992 


1999 


7 


Rondinelli DA 


15 


14 


93 


1 


1 


0 


0 


1990 


1993 


3 


Duca JV 


14 


14 


100 


1 


1 


0 


0 


1994 


1994 


0 


Zenou Y 


14 


12 


86 


1 


1 


0 


0 


1995 


1995 


0 


Amin A 


14 


14 


100 


1 


1 


0 


0 


1993 


1993 


0 


Bania N 


14 


14 


100 


1 


1 


0 


0 


1992 


1992 


0 


Ishikawa T 


14 


10 


71 


1 


1 


0 


0 


1990 


1992 


2 


Florax R 


14 


7 


50 


2 


0 


0 


0 


1992 


1992 


0 


Getis A 


14 


13 


93 


1 


1 


0 


0 


1990 


1999 


9 


Miller HJ 


13 


7 


54 


1 


0 


0 


0 


1993 


1996 


3 


Chen PC 


13 


13 


100 


1 


1 


0 


0 


1992 


1992 


0 


WrenC 


13 


9 


69 


1 


0 


0 


0 


1994 


1996 


2 


Verhoef ET 


13 


7 


54 


1 


0 


0 


0 


1996 


2001 


5 




Intellectual leaders of regional science 



115 



Table 9. (continued) 



Scholar 


Citations 


Most 


Most % C5 


CIO 


C25 


C50 


First 


Last 


Span 


Fan CC 


13 


13 


100 


1 


1 


0 


0 


1994 


1994 


0 


Ladd HF 


13 


12 


92 


1 


1 


0 


0 


1991 


1994 


3 


Long L 


13 


13 


100 


1 


1 


0 


0 


1991 


1991 


0 


Merriman D 


13 


6 


46 


1 


0 


0 


0 


1990 


1998 


8 


Bailey AJ 


.13 


7 


54 


1 


0 


0 


0 


1993 


1998 


5 


Waldorf BS 


13 


6 


46 


1 


0 


0 


0 


1991 


1994 


3 


Engelhard! GV 


13 


10 


77 


1 


1 


0 


0 


1991 


1996 


5 


Abraham F 


12 


9 


75 


1 


0 


0 


0 


1995 


1996 


1 


Oppewal H 


12 


12 


100 


1 


1 


0 


0 


1991 


1991 


0 


Gorter C 


12 


7 


58 


1 


0 


0 


0 


1992 


1994 


2 


Harris RID 


12 


12 


100 


1 


1 


0 


0 


1991 


1991 


0 


Dietzenbacher E 


12 


4 


33 


0 


0 


0 


0 


1990 


2000 


10 


Capello R 


12 


5 


42 


1 


0 


0 


0 


1994 


1999 


5 


Case KE 


12 


12 


100 


1 


1 


0 


0 


1996 


1996 


0 


Kim SW 


12 


12 


100 


1 


1 


0 


0 


1991 


1991 


0 


Richter WF 


12 


12 


100 


1 


1 


0 


0 


1994 


1994 


0 


Magrini S 


12 


12 


100 


1 


1 


0 


0 


1999 


1999 


0 


Wolff EN 


11 


11 


100 


1 


1 


0 


0 


1994 


1994 


0 


Ettlinger N 


11 


11 


100 


1 


1 


0 


0 


1992 


1992 


0 


McGregor PG 


11 


9 


82 


1 


0 


0 


0 


1996 


2000 


4 


OtaM 


11 


11 


100 


1 


1 


0 


0 


1993 


1993 


0 


Archer WR 


11 


11 


100 


1 


1 


0 


0 


1996 


1996 


0 


Zax JS 


11 


11 


100 


1 


1 


0 


0 


1994 


1994 


0 


Levemier W 


11 


10 


91 


1 


1 


0 


0 


1995 


1996 


1 


Porterfield SL 


11 


10 


91 


1 


1 


0 


0 


1991 


1991 


0 


Batabyal AA 


11 


4 


36 


0 


0 


0 


0 


1996 


2001 


5 


Gilchrist DA 


10 


9 


90 


1 


0 


0 


0 


1991 


1994 


3 


Serra D 


10 


7 


70 


1 


0 


0 


0 


1994 


1996 


2 


Signorini LF 


10 


10 


100 


1 


1 


0 


0 


1994 


1994 


0 


van Ommeren JN 


10 


9 


90 


1 


0 


0 


0 


1998 


1999 


1 


Borge LE 


10 


8 


80 


1 


0 


0 


0 


1995 


2000 


5 


von Reichert C 


10 


7 


70 


1 


0 


0 


0 


1992 


1994 


2 


DengYH 


10 


9 


90 


1 


0 


0 


0 


1996 


1996 


0 


Holland AS 


10 


10 


100 


1 


1 


0 


0 


1991 


1991 


0 


Israilevich PR 


10 


5 


50 


1 


0 


0 


0 


1993 


1997 


4 


Wang P 


10 


5 


50 


2 


0 


0 


0 


1990 


1993 


3 


Brown SJ 


10 


10 


100 


1 


1 


0 


0 


1992 


1992 


0 


Siegel PB 


10 


3 


30 


0 


0 


0 


0 


1993 


1996 


3 


Hayward DJ 


10 


10 


100 


1 


1 


0 


0 


1995 


1995 


0 


Dalenberg DR 


10 


10 


100 


1 


1 


0 


0 


1995 


1995 


0 


Richardson R 


9 


9 


100 


1 


0 


0 


0 


1996 


1996 


0 


Ross S 


9 


9 


100 


1 


0 


0 


0 


1995 


1995 


0 


Preston V 


9 


9 


100 


1 


0 


0 


0 


1999 


1999 


0 


Pogodzinski JM 


9 


5 


56 


1 


0 


0 


0 


1991 


1994 


3 


Fingleton B 


9 


5 


56 


1 


0 


0 


0 


1999 


1999 


0 


Gupta B 


9 


4 


44 


0 


0 


0 


0 


1994 


1999 


5 


Lecoq B 


9 


3 


33 


0 


0 


0 


0 


1990 


1993 


3 


Krieg RG 


9 


4 


44 


0 


0 


0 


0 


1990 


1997 


7 


Highfill J 


9 


9 


100 


1 


0 


0 


0 


1994 


1994 


0 


Shaw KL 


9 


9 


100 


1 


0 


0 


0 


1991 


1991 


0 


Kilkenny M 


9 


9 


100 


1 


0 


0 


0 


1998 


1998 


0 


Shonkwiler JS 


9 


6 


67 


1 


0 


0 


0 


1992 


1996 


4 
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more continuity between the 1977-1989 period and the 1990s than between any 
two previous periods. Among the leaders in citations to their 1990s research are 
23 leaders from the spread period: Hansen (1st in the 1990s), Anselin (2nd), Isser- 
man (3rd), Fujita (5th), Nijkamp (14th), Mulligan (27th), Carlino (29th), Jensen 
(32nd), Drezner (34th), Brueckner (35th), Rietveld (36th), Malecki (39th), Anas 
(47th), Greenwood (48th), Andersson (50th), Moomaw (53rd), Suarez- Villa (59th), 
Conway (63rd), Amott (68th), Sheppard (70th), Haining (85th), Beyers (95th), and 
Graves (97th). Greenwood, Beyers, and Nijkamp are present for the third consecu- 
tive period. Nijkamp’s fourteenth place is the highest standing ever achieved in the 
third period by an intellectual leader for three consecutive periods. 



4.5 Fifty-year views 

The rankings will depend on the way the 50 years are divided, and the divisions 
of time must be arbitrary to a degree. This section provides additional 50-year 
perspectives in hopes of highlighting the contributions of individuals who might 
have been hidden or disadvantaged by the cut-offs I have used thus far. I hope 
somewhere in the lists in this article many people will find a rating or result they 
will note with pride on their CVs and biographical sketches, or mention during 
salary discussions or to their grandchildren. This section presents three more lists: 
the citation rankings based on all regional science articles for all regional science 
time; the chart toppers, a regional science version of the number one hit song, the 
most cited article of each year; and the rookies of the year, those whose debut 
articles received the most citations for each year. 

The total citation list for all regional science articles since the first issue of the 
Papers might provide the highest recognition. Top of the list by far, the intellec- 
tual leader of regional science based on article citations, is Michael Greenwood. 
Nestled among the legendary intellectual leaders of regional science are contem- 
porary leaders, foremost among them, Luc Anselin (5th), Masahisa Fujita (8th), 
Jan Brueckner (15th), and Peter Nijkamp (20th). Recall that only citations since 
1982 are included in the data. Therefore, the influence of the articles written in the 
1950s, 1960s, and 1970s on research before 1982 is not captured, and the mem- 
bers of the pioneering generation who are listed have indeed produced enduring 
research. Maybe most remarkable from the vantage point of the 1954 meeting is 
that the early organisational efforts of a few dozen people led to 2,273 scholars 
having cited articles in the regional science literature. The 105 scholars with 63 or 
more citations are listed in Table 11. 

A limitation of this study can be mitigated somewhat. The data on the 4,597 cited 
articles and, therefore, all the citation tallies give credit to the first named author 
only. Two new lists give the opportunity to recognise at least some co-authors and 
to gain an understanding of the relative importance of co-authored articles. To do 
so, I report the full set of authors for the most cited article and the most cited debut 
article of each year. 

The chart toppers are in Table 12. Each person on the list can claim to have 
written the most cited article of that year - and to be in very good company. Making 
such an achievement all the more noteworthy is that there have been between 150 
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Table 10. Most cited scholars, journal articles published 1990-2001 



Scholar 


Citations 


Most 


Most% C5 


CIO 


C25 


C50 


First 


Last 


Span 


Hansen NM 


154 


47 


31 


6 


6 


2 


0 


1990 


1997 


7 


Anselin L 


142 


37 


26 


8 


5 


1 


0 


1990 


2000 


10 


Isserman AM 


99 


36 


36 


4 


4 


2 


0 


1993 


1996 


3 


Krugman P 


78 


52 


67 


3 


2 


1 


1 


1993 


1999 


6 


Fujita M 


76 


38 


50 


4 


2 


1 


0 


1990 


2001 


11 


Garcia-Mila T 


76 


62 


82 


2 


2 


1 


1 


1992 


1998 


6 


Bucovetsky S 


67 


67 


100 


1 


1 


1 


1 


1991 


1991 


0 


Abdel-Rahman HM 


66 


39 


59 


5 


1 


1 


0 


1990 


1998 


8 


Giuliano G 


62 


62 


100 


1 


1 


1 


1 


1991 


1991 


0 


Helsley RW 


61 


30 


49 


3 


2 


1 


0 


1990 


1995 


5 


Wildasin DE 


56 


40 


71 


2 


2 


1 


0 


1991 


1997 


6 


Henderson JV 


55 


10 


18 


6 


4 


0 


0 


1991 


1999 


8 


McMillen DP 


47 


17 


36 


4 


2 


0 


0 


1991 


1999 


8 


Nijkamp P 


46 


13 


28 


3 


1 


0 


0 


1990 


1998 


8 


Holtz-Eakin D 


46 


24 


52 


3 


3 


0 


0 


1993 


1996 


3 


Clark DE 


46 


14 


30 


4 


3 


0 


0 


1990 


1997 


7 


Evans AW 


45 


32 


71 


2 


2 


1 


0 


1990 


1993 


3 


Kelejian HH 


45 


21 


47 


3 


2 


0 


0 


1992 


1997 


5 


Markusen AR 


41 


19 


46 


3 


2 


0 


0 


1991 


2000 


9 


Friedman J 


40 


40 


100 


1 


1 


1 


0 


1992 


1992 


0 


HoytWH 


39 


28 


72 


2 


1 


1 


0 


1991 


1999 


8 


Wilson JD 


38 


38 


100 


1 


1 


1 


0 


1991 


1991 


0 


Turnbull GK 


38 


12 


32 


3 


1 


0 


0 


1990 


1994 


4 


Fischer MM 


37 


23 


62 


2 


1 


0 


0 


1990 


1998 


8 


LeSage JP 


37 


20 


54 


3 


1 


0 


0 


1990 


1997 


7 


Can A 


36 


28 


78 


2 


1 


1 


0 


1991 


1992 


1 


Mulligan GF 


34 


8 


24 


4 


0 


0 


0 


1991 


1996 


5 


Armstrong HW 


30 


27 


90 


1 


1 


1 


0 


1994 


1996 


2 


Carlino GA 


30 


17 


57 


2 


1 


0 


0 


1990 


1999 


9 


Oregan KM 


30 


17 


57 


2 


2 


0 


0 


1991 


1993 


2 


Voith RP 


30 


16 


53 


2 


2 


0 


0 


1991 


1998 


7 


Jensen RC 


29 


13 


45 


3 


1 


0 


0 


1990 


1991 


1 


Esparza A 


29 


13 


45 


3 


2 


0 


0 


1993 


1996 


3 


Drezner Z 


29 


13 


45 


3 


1 


0 


0 


1990 


2001 


11 


Brueckner JK 


29 


7 


24 


2 


0 


0 


0 


1991 


2001 


10 


Rietveld P 


29 


11 


38 


2 


2 


0 


0 


1990 


1998 


8 


Boamet MG 


27 


17 


63 


2 


1 


0 


0 


1994 


1998 


4 


Treyz GI 


27 


27 


100 


1 


1 


1 


0 


1992 


1992 


0 


Malecki EJ 


25 


23 


92 


1 


1 


0 


0 


1991 


2000 


9 


Portney PR 


25 


25 


100 


1 


1 


1 


0 


1990 


1990 


0 


Densham PJ 


25 


25 


100 


1 


1 


1 


0 


1992 


1992 


0 


Camagni RP 


25 


22 


88 


1 


1 


0 


0 


1991 


1999 


8 


Thill J-C 


25 


14 


56 


2 


1 


0 


0 


1992 


1997 


5 


Rickman DS 


24 


10 


42 


3 


1 


0 


0 


1992 


1995 


3 


Robison MH 


24 


12 


50 


2 


1 


0 


0 


1991 


1997 


6 


BaillyAS 


24 


23 


96 


1 


1 


0 


0 


1994 


1995 


1 


Anas A 


23 


11 


48 


2 


1 


0 


0 


1990 


1995 


5 


Greenwood MJ 


23 


17 


74 


1 


1 


0 


0 


1991 


1997 


6 
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Table 10. (continued) 



Scholar 


Citations 


Most 


Most% C5 


CIO 


C25 


C50 


First 


Last 


Span 


Couclelis H 


22 


22 


100 


1 


1 


0 


0 


1991 


1991 


0 


Andersson Ae 


22 


16 


73 


2 


1 


0 


0 


1990 


1993 


3 


Berliant M 


21 


10 


48 


2 


1 


0 


0 


1990 


1994 


4 


CrihfieldJB 


21 


7 


33 


2 


0 


0 


0 


1990 


1997 


7 


Moomaw RL 


21 


18 


86 


1 


1 


0 


0 


1991 


1998 


7 


Parr JB 


20 


8 


40 


2 


0 


0 


0 


1993 


1997 


4 


Ihlanfeldt KR 


20 


13 


65 


2 


1 


0 


0 


1990 


1999 


9 


Dubin RA 


20 


20 


100 


1 


1 


0 


0 


1992 


1992 


0 


ShuklaV 


19 


19 


100 


1 


1 


0 


0 


1991 


1991 


0 


Griffith DA 


19 


8 


42 


2 


0 


0 


0 


1992 


1999 


7 


Suarez- Villa L 


19 


14 


74 


2 


1 


0 


0 


1993 


1993 


0 


Braid RM 


19 


6 


32 


2 


0 


0 


0 


1991 


1998 


7 


Duffy-Deno KT 


19 


14 


74 


2 


1 


0 


0 


1992 


1998 


6 


WalzU 


19 


12 


63 


2 


1 


0 


0 


1996 


1996 


0 


Conway RS 


19 


19 


100 


1 


1 


0 


0 


1990 


1990 


0 


Porter ME 


18 


18 


100 


1 


1 


0 


0 


1996 


1996 


0 


Case A 


18 


18 


100 


1 


1 


0 


0 


1992 


1992 


0 


Burbidge JB 


18 


18 


100 


1 


1 


0 


0 


1994 


1994 


0 


Eaton J 


18 


17 


94 


1 


1 


0 


0 


1997 


1997 


0 


Amott RJ 


18 


13 


72 


1 


1 


0 


0 


1992 


2000 


8 


Partridge MD 


18 


7 


39 


1 


0 


0 


0 


1993 


1999 


6 


Sheppard ES 


17 


11 


65 


1 


1 


0 


0 


1990 


1998 


8 


O’ Kelly ME 


17 


14 


82 


1 


1 


0 


0 


1991 


1992 


1 


McCann P 


16 


10 


63 


1 


1 


0 


0 


1993 


1995 


2 


Belsky ES 


16 


16 


100 


1 


1 


0 


0 


1990 


1990 


0 


Tabuchi T 


16 


15 


94 


1 


1 


0 


0 


1994 


1999 


5 


Goodman AC 


16 


16 


100 


1 


1 


0 


0 


1990 


1990 


0 


Seitz H 


16 


10 


63 


2 


1 


0 


0 


1993 


1996 


3 


Vickerman RW 


16 


8 


50 


2 


0 


0 


0 


1994 


1997 


3 


Glazer A 


15 


14 


93 


1 


1 


0 


0 


1992 


1999 


7 


Epple D 


15 


13 


87 


1 


1 


0 


0 


1993 


1998 


5 


Button KJ 


15 


6 


40 


2 


0 


0 


0 


1990 


1999 


9 


Zhang WB 


15 


7 


47 


1 


0 


0 


0 


1991 


1994 


3 


Mehay SL 


15 


15 


100 


1 


1 


0 


0 


1990 


1990 


0 


Rondinelli DA 


15 


14 


93 


1 


1 


0 


0 


1990 


1993 


3 


Green RK 


15 


7 


47 


2 


0 


0 


0 


1996 


1999 


3 


Raining RP 


15 


5 


33 


2 


0 


0 


0 


1991 


1996 


5 


Roy JR 


15 


7 


47 


1 


0 


0 


0 


1990 


1995 


5 


Economides N 


14 


8 


57 


2 


0 


0 


0 


1993 


1993 


0 


Ishikawa T 


14 


10 


71 


1 


1 


0 


0 


1990 


1992 


2 


Pines D 


14 


14 


100 


1 


1 


0 


0 


1991 


1991 


0 


Bania N 


14 


14 


100 


1 


1 


0 


0 


1992 


1992 


0 


Henry MS 


14 


13 


93 


1 


1 


0 


0 


1991 


1997 


6 


Florax R 


14 


7 


50 


2 


0 


0 


0 


1992 


1992 


0 


Heikkila EJ 


14 


4 


29 


0 


0 


0 


0 


1990 


1996 


6 


Getis A 


14 


13 


93 


1 


1 


0 


0 


1990 


1999 


9 


Beyers WB 


14 


14 


100 


1 


1 


0 


0 


1996 


1996 


0 


Duca JV 


14 


14 


100 


1 


1 


0 


0 


1994 


1994 


0 


Graves PE 


14 


14 


100 


1 


1 


0 


0 


1993 


1993 


0 


Amin A 


14 


14 


100 


1 


1 


0 


0 


1993 


1993 


0 


Zenou Y 


14 


12 


86 


1 


1 


0 


0 


1995 


1995 


0 


Amos OM 


14 


7 


50 


2 


0 


0 


0 


1990 


1995 


5 
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Table 11. All-time intellectual leaders of regional science, journal article citations 



Scholar 


Citations 


Most 


Most % C5 


CIO 


C25 


C50 


First 


Last 


Span 


Greenwood MJ 


463 


145 


31 


13 


10 


6 


2 


1969 


1997 


28 


Alonso W 


276 


106 


38 


6 


4 


4 


2 


1958 


1993 


35 


Wolpert J 


272 


261 


96 


2 


2 


1 


1 


1965 


1977 


12 


Richardson HW 


263 


64 


24 


7 


6 


4 


3 


1974 


1992 


18 


Anselin L 


258 


52 


20 


14 


10 


2 


1 


1982 


2000 


18 


Hagerstrand T 


255 


211 


83 


2 


2 


2 


1 


1966 


1989 


23 


Hansen NM 


254 


47 


19 


13 


11 


3 


0 


1977 


1997 


20 


Fujita M 


254 


84 


33 


12 


6 


3 


1 


1976 


2001 


25 


Berry BJL 


253 


76 


30 


6 


6 


5 


3 


1958 


1995 


37 


IsardW 


204 


26 


13 


17 


8 


1 


0 


1955 


1999 


44 


Stevens BH 


199 


42 


21 


9 


7 


3 


0 


1958 


1995 


37 


Parr JB 


196 


40 


20 


8 


5 


4 


0 


1969 


1997 


28 


Church RL 


195 


172 


88 


3 


2 


1 


1 


1974 


1992 


18 


Beckmann MJ 


186 


83 


45 


9 


5 


1 


1 


1955 


1994 


39 


Brueckner JK 


172 


21 


12 


12 


7 


0 


0 


1978 


2001 


23 


Cooper L 


172 


81 


47 


6 


4 


2 


1 


1967 


1978 


11 


Muth RF 


172 


85 


49 


7 


3 


3 


1 


1961 


1988 


27 


Nijkamp P 


170 


22 


13 


11 


7 


0 


0 


1973 


1998 


25 


Vining DR 


166 


115 


69 


5 


4 


1 


1 


1975 


1986 


11 


Carlino GA 


164 


71 


43 


5 


4 


2 


1 


1979 


1999 


20 


Isserman AM 


160 


48 


30 


6 


6 


3 


0 


1980 


1996 


16 


Niedercom JH 


153 


101 


66 


4 


3 


1 


1 


1969 


1987 


18 


Quandt RE 


152 


104 


68 


4 


3 


1 


1 


1962 


1969 


7 


Quigley JM 


140 


98 


70 


2 


2 


2 


1 


1977 


1986 


9 


Mulligan GF 


137 


33 


24 


11 


4 


1 


0 


1979 


1996 


17 


Herbert ID 


135 


135 


100 


1 


1 


1 


1 


1960 


1960 


0 


Sakashita N 


134 


63 


47 


5 


4 


2 


1 


1967 


1995 


28 


Beyers WB 


123 


68 


55 


4 


3 


2 


1 


1972 


1996 


24 


Dacey MF 


123 


47 


38 


7 


5 


1 


0 


1960 


1975 


15 


Friesz TL 


119 


53 


45 


4 


3 


2 


1 


1983 


1988 


5 


Kuhn HW 


118 


118 


100 


1 


1 


1 


1 


1962 


1962 


0 


Graves PE 


117 


46 


39 


4 


4 


2 


0 


1973 


1993 


20 


Coffey WJ 


113 


41 


36 


4 


3 


3 


0 


1979 


1996 


17 


Ullman EL 


112 


49 


44 


3 


3 


2 


0 


1958 


1962 


4 


Smith TE 


110 


34 


31 


7 


2 


2 


0 


1975 


1997 


22 


Snickars F 


108 


99 


92 


1 


1 


1 


1 


1977 


1989 


12 


Morrill RL 


105 


48 


46 


5 


3 


2 


0 


1963 


2000 


37 


Kain JF 


103 


103 


100 


1 


1 


1 


1 


1962 


1962 


0 


Wilson AG 


102 


45 


44 


4 


3 


2 


0 


1969 


1986 


17 


Herzog HW 


102 


28 


27 


5 


5 


1 


0 


1977 


1995 


18 


KauJB 


101 


18 


18 


8 


5 


0 


0 


1975 


1999 


24 


Teitz MB 


100 


52 


52 


4 


2 


2 


1 


1968 


1994 


26 


Cebula RJ 


98 


55 


56 


4 


2 


1 


1 


1973 


1985 


12 


Nagumey A 


96 


45 


47 


5 


2 


2 


0 


1986 


1994 


8 


Glickman NJ 


95 


39 


41 


4 


2 


2 


0 


1971 


1988 


17 


StohrWB 


93 


44 


47 


3 


3 


2 


0 


1977 


1986 


9 


Mankiw NG 


92 


90 


98 


1 


1 


1 


1 


1989 


1992 


3 


Anas A 


92 


36 


39 


7 


2 


1 


0 


1981 


1995 


14 


Beale CL 


89 


89 


100 


1 


1 


1 


1 


1977 


1977 


0 


Nystuen JD 


87 


87 


100 


1 


1 


1 


1 


1961 


1961 


0 


Jensen RC 


86 


36 


42 


7 


2 


1 


0 


1978 


1991 


13 


Eaton BC 


86 


45 


52 


2 


2 


2 


0 


1976 


1979 


3 


Nelson P 


86 


86 


100 


1 


1 


1 


1 


1959 


1959 


0 
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Table 11. (continued) 



Scholar 


Citations 


Most 


Most% C5 


CIO 


C25 


C50 


First 


Last 


Span 


Mathur VK 


85 


28 


33 


6 


3 


1 


0 


1970 


1995 


25 


Wildasin DE 


84 


40 


48 


4 


3 


1 


0 


1980 


1997 


17 


Moomaw RL 


83 


28 


34 


5 


3 


1 


0 


1981 


1998 


17 


Malecki EJ 


81 


40 


49 


4 


2 


1 


0 


1978 


2000 


22 


MeraK 


80 


40 


50 


4 


3 


1 


0 


1973 


1995 


22 


DeSalvo JS 


80 


45 


56 


4 


2 


1 


0 


1970 


1985 


15 


Sheppard ES 


79 


34 


43 


5 


3 


1 


0 


1980 


1998 


18 


Morrison WI 


79 


65 


82 


2 


2 


1 


1 


1974 


1980 


6 


Miller RE 


79 


39 


49 


4 


4 


1 


0 


1963 


1986 


23 


Rietveld P 


79 


32 


41 


5 


3 


1 


0 


1980 


1998 


18 


Round JI 


78 


30 


38 


4 


4 


1 


0 


1978 


1987 


9 


Krugman P 


78 


52 


67 


3 


2 


1 


1 


1993 


1999 


6 


Harrigan FJ 


77 


14 


18 


7 


6 


0 


0 


1981 


1993 


12 


Harris B 


77 


29 


38 


5 


3 


1 


0 


1964 


1985 


21 


McCarthy KF 


77 


48 


62 


2 


2 


2 


0 


1976 


1977 


1 


Conway RS 


76 


19 


25 


5 


5 


0 


0 


1975 


1990 


15 


Garcia-Mila T 


76 


62 


82 


2 


2 


1 


1 


1992 


1998 


6 


Drezner Z 


75 


19 


25 


5 


3 


0 


0 


1978 


2001 


23 


Henderson JV 


74 


10 


14 


8 


5 


0 


0 


1972 


1999 


27 


Czamanski S 


74 


32 


43 


4 


3 


1 


0 


1964 


1977 


13 


Suarez- Villa L 


74 


14 


19 


7 


4 


0 


0 


1980 


1993 


13 


Stouffer SA 


73 


73 


100 


1 


1 


1 


1 


1960 


1960 


0 


Cumberland JH 


73 


32 


44 


3 


2 


1 


0 


1966 


1986 


20 


Schaffer WA 


72 


64 


89 


2 


1 


1 


1 


1969 


1973 


4 


Flowerdew R 


72 


60 


83 


2 


1 


1 


1 


1982 


1992 


10 


Gerking SD 


72 


19 


26 


5 


3 


0 


0 


1976 


2001 


25 


Oosterhaven J 


72 


23 


32 


6 


3 


0 


0 


1980 


1998 


18 


Dunn ES 


71 


59 


83 


2 


2 


1 


1 


1956 


1960 


4 


Stabler JC 


71 


43 


61 


4 


2 


1 


0 


1977 


1999 


22 


Abdel-Rahman HM 


70 


39 


56 


5 


1 


1 


0 


1988 


1998 


10 


Florian M 


70 


70 


100 


1 


1 


1 


1 


1982 


1982 


0 


Clapp JM 


70 


32 


46 


3 


1 


1 


0 


1977 


1986 


9 


Ogawa H 


69 


65 


94 


1 


1 


1 


1 


1980 


1982 


2 


Peterson GL 


69 


69 


100 


1 


1 


1 


1 


1967 


1967 


0 


ToblerWR 


67 


30 


45 


3 


3 


1 


0 


1965 


1969 


4 


Bucovetsky S 


67 


67 


100 


1 


1 


1 


1 


1991 


1991 


0 


Garrison WL 


67 


48 


72 


3 


2 


1 


0 


1956 


1964 


8 


Scott AJ 


67 


32 


48 


4 


3 


1 


0 


1967 


1991 


24 


Marble DF 


66 


32 


48 


3 


3 


1 


0 


1959 


1964 


5 


Beeson PE 


65 


34 


52 


2 


2 


2 


0 


1983 


1998 


15 


Curry L 


65 


57 


88 


1 


1 


1 


1 


1967 


1984 


17 


Fischer MM 


65 


23 


35 


5 


2 


0 


0 


1980 


1998 


18 


Golledge RG 


64 


38 


59 


3 


3 


1 


0 


1967 


1994 


27 


Andersson AE 


64 


21 


33 


4 


2 


0 


0 


1971 


1993 


22 


Alperovich G 


64 


16 


25 


6 


2 


0 


0 


1979 


1996 


17 


Cesario FJ 


64 


42 


66 


3 


2 


1 


0 


1973 


1975 


2 


Brown HI 


63 


53 


84 


2 


2 


1 


1 


1969 


1971 


2 


Hurter AP 


63 


30 


48 


2 


2 


1 


0 


1964 


1985 


21 


Evans AW 


63 


32 


51 


3 


3 


1 


0 


1975 


1993 


18 


Martinich JS 


63 


28 


44 


4 


2 


1 


0 


1982 


1990 


8 


Bradfield M 


63 


48 


76 


2 


2 


1 


0 


1971 


1986 


15 


MiemykWH 


63 


32 


51 


3 


1 


1 


0 


1969 


1987 


18 
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Table 12. Authors of the most cited article by year, 1955-2000 



Year 


Articles Scholar 


Citations Journal 


Vol. 


1955 


11 


Carroll JD 


11 


PIRS 


1 


1956 


14 


IsardW 


15 


PIRS 


2 


1957 


13 


Tiebout CM 


21 


PIRS 


3 


1958 


17 


Berry BJL, Garrison WL 


57 


PIRS 


4 


1959 


13 


Nelson P 


86 


JRS 


1 


1960 


16 


Herbert JD, Stevens BH 


135 


JRS 


2 


1961 


19 


Nystuen JD, Dacey MF 


87 


PIRS 


7 


1962 


26 


Kuhn HW, Kuenne RE 


118 


JRS 


4 


1963 


22 


Blanco C 


48 


JRS 


5 


1964 


22 


Berry BJL 


76 


PIRS 


13 


1965 


16 


Wolpert J 


261 


PIRS 


15 


1966 


19 


Quandt RE, Baumol WJ 


104 


JRS 


6 


1967 


41 


Cooper L 


81 


JRS 


7 


1968 


38 


Sakashita N 


63 


PIRS 


20 


1969 


71 


Niedercom JH, Bechdolt BV 


101 


JRS 


9 


1970 


50 


Hagerstrand T 


211 


PIRS 


24 


1971 


71 


Alonso W 


82 


PIRS 


26 


1972 


84 


Toregas C, ReVelle CS 


56 


PIRS 


28 


1973 


83 


Cebula RJ, Vedder RK 


55 


JRS 


13 


1974 


88 


Church RL, ReVelle CS 


172 


PIRS 


32 


1975 


114 


Parr JB, Denike KG, Mulligan GF 


29 


JRS 


15 




114 


Smith TE 


29 


RSUE 


5 


1976 


114 


Eaton BC 


45 


JRS 


16 




114 


Halpem J 


45 


JRS 


16 


1977 


131 


Snickars F, Weibull TW 


99 


RSUE 


7 


1978 


123 


Vining DR, Kontuly T 


115 


IRSR 


3 


1979 


153 


Carlino GA 


42 


JRS 


19 


1980 


164 


Ogawa H, Fujita M 


65 


JRS 


20 


1981 


159 


Eswaran M, Kanemoto Y, Ryan D 


49 


JRS 


21 


1982 


162 


Fujita M, Ogawa H 


84 


RSUE 


12 


1983 


172 


Friesz TL, Tobin RL, Smith TE, Marker PT 


53 


JRS 


23 


1984 


158 


Friesz TL, Marker PT, Tobin RL 


44 


JRS 


24 


1985 


177 


Greenwood MJ 


145 


JRS 


25 


1986 


164 


Wheat LF 


54 


JRS 


26 


1987 


177 


Carlino GA, Mills ES 


71 


JRS 


27 


1988 


170 


Anselin L, Griffith DA 


52 


PIRS 


65 


1989 


187 


Mankiw NG, Weil DN 


90 


RSUE 


19 


1990 


162 


Hansen NM 


47 


JRS 


30 


1991 


172 


Bucovetsky S, Wilson JD 


67 


RSUE 


21 


1992 


158 


Garcia-Mila T, McGuire TJ 


62 


RSUE 


22 


1993 


167 


Krugman P 


52 


JRS 


33 


1994 


155 


Fischer MM, Gopal S 


23 


JRS 


34 




155 


Bailly AS, Coffey WJ 


23 


PIRS 


73 




155 


Malecki EJ 


23 


IRSR 


16 


1995 


161 


Fujita M, Krugman P 


38 


RSUE 


25 


1996 


157 


Anselin L, Bera AK, Florax R, Yoon MJ 


24 


RSUE 


26 


1997 


112 


Eaton J, Eckstein Z 


17 


RSUE 


27 


1998 


105 


Voith RP 


16 


JRS 


38 


1999 


99 


Magrini S 


12 


RSUE 


29 


2000 


66 


List JA, Gerking SD 


5 


JRS 


40 




66 


Anselin L, Varga A, Acs ZJ 


5 


PIRS 


79 
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and 180 cited regional science articles most years during the past quarter century 
(alas, including the remaining phantom articles in the data). Two scholars are authors 
of an article of the year three times: Masahisa Fujita for 1980, 1982 and 1995, and 
Luc Anselin for 1988, 1996 and 2000. A few others have two chart toppers: Brian 
Berry in 1958 and 1964, Charles ReVelle in 1972 and 1974, Tony Smith in 1975 and 
1983, Gerald Carlino in 1979 and 1987, and Terry Friesz and Patrick Marker in 1983 
and 1984. The 51 articles include 22 with one author and 29 with multiple authors, 
making clear that co-authored articles are very important in regional science.^ As 
mentioned, the sequel to this article will focus on the most influential articles, and 
co-authors will receive full acknowledgement there. 

Unlike musical hits that hold their number one rankings after they have earned 
them, the regional science chart toppers remain in active competition to endure as 
the most cited article of the year. The ties in 1975, 1976, 1994, and 2000 will be 
broken. Some articles have very slim leads. After more than 40 years, Brian Berry 
and William Garrison lead John Stewart and William Wartz, 57 citations to 53, 
John Nysteun and Michael Dacey lead Richard Muth, 87 to 85, and Harold Kuhn 
and Robert Kuenne lead John Kain, 118 to 103. After more than 20 years, only 
one citation separates Folke Snickars and Jorgen Weibull from John Quigley and 
Daniel Weinberg, 99 to 98, and Hideaki Ogawa and Masahisa Fujita from Harry 
Richardson, 65 to 64. 

The rookies of the year are in Table 13. All people on that list had their first 
regional science article as solo or first named author attract more citations than all 
other debut articles published that year - call it the most cited first article award. 
Take a look at the list and, if you are on it, you can claim very impressive company 
no matter what your discipline - and you can take your listing as aqother acknowl- 
edgement by your colleagues that you have made important contributions. Lest 
this debut achievement not seem impressive, note that there have been between 50 
and 90 debuts almost every year beginning in the 1970s - and these numbers only 
include the cited debut articles."^ 

By definition, a person can have only one debut article, but co-authorship creates 
multiple appearances on the debut list. Charles ReVelle had his debut as solo author 
in 1986 after serving as the second author for the most cited articles of 1972 and 



^ Many studies apportion credit for each multi-authored article equally among authors, with each of n 
authors receiving 1/n of the total pages or citations (e.g., Kau and Johnson 1983; Conroy and Dusansky 
1995; Dusansky and Vernon 1998; Collins et al. 2000; Rey and Anselin 2000). An individual’s monetary 
return from a co-authored paper is approximately 1/n times that of a solo authored article, according to a 
study of salaries of academic economists (Sauer 1988). The results presented here are biased against co- 
authors when zero credit for second or higher authorship is not balanced by full credit for first authorship 
on other articles, which happens when one article attracts very high citations, and when first authorship 
does not signal intellectual leadership in creating an article. Name ordering and role signaling practices 
seem to vary by discipline. A study of five leading economics journals found alphabetical ordering in 
85% of the cases, implying that the first author often is not the intellectual leader, while a medical journal 
had alphabetical order in only 5% of its co-authored articles (Engers et al. 1999). The 29 co-authored 
articles in Table 1 1 have authors in alphabetical order 18 times. 

^ A small sample of early articles in Papers of the Regional Science Association suggests that as 
many as half the articles published are never cited, but more will be known as the data building effort 
continues for the envisioned third paper. 
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Table 13. Authors of the most cited debut article by year, 1955-2000 



Year 


Articles Scholar 


Citations Journal 


Vol. 


1955 


10 


Carroll JD 


11 


PIRS 


1 


1956 


11 


Dunn ES 


11 


PIRS 


2 


1957 


8 


WamtzW 


9 


PIRS 


3 


1958 


13 


Berry BJL, Garrison WL 


57 


PIRS 


4 


1959 


9 


Nelson P 


86 


JRS 


1 


1960 


8 


Herbert JD, Stevens BH 


135 


JRS 


2 


1961 


16 


Nystuen JD, Dacey ME 


87 


PIRS 


7 


1962 


13 


Kuhn HW, Kuenne RE 


118 


JRS 


4 


1963 


16 


Blanco C 


48 


JRS 


5 


1964 


13 


Christaller W 


33 


PIRS 


12 


1965 


11 


Wolpert J 


261 


PIRS 


15 


1966 


11 


Hagerstrand T 


40 


PIRS 


16 


1967 


29 


Cooper L 


81 


JRS 


7 


1968 


22 


Teitz MB 


52 


PIRS 


21 


1969 


44 


Niedercom JH, Bechdolt BV 


101 


JRS 


9 


1970 


31 


Fabricant RA 


37 


JRS 


10 




31 


Shoup DC 


37 


PIRS 


25 


1971 


38 


Bradfield M 


48 


JRS 


11 


1972 


56 


Toregas C, ReVelle CS 


56 


PIRS 


28 


1973 


45 


Cebula RJ, Vedder RK 


55 


JRS 


13 


1974 


56 


Church RL, ReVelle CS 


172 


PIRS 


32 


1975 


75 


Smith TE 


29 


RSUE 


5 


1976 


57 


Eaton BC 


45 


JRS 


16 




57 


Halpem J 


45 


JRS 


16 


1977 


69 


Snickars F, Weibull TW 


99 


RSUE 


7 


1978 


65 


Miller SM, Jensen OW 


61 


RSUE 


8 


1979 


87 


Carlino GA 


42 


JRS 


19 


1980 


89 


Ogawa H, Fujita M 


65 


JRS 


20 


1981 


80 


Eswaran M, Kanemoto Y, Ryan D 


49 


JRS 


21 


1982 


73 


Florian M, Los M 


70 


RSUE 


12 


1983 


84 


Friesz TL, Tobin RL, Smith TE, Harker PT 


53 


JRS 


23 


1984 


69 


Davies RB, Crouchley R 


29 


RSUE 


14 


1985 


75 


Melachrinoudis E, Cullinane TP 


22 


JRS 


25 


1986 


72 


ReVelle C 


32 


JRS 


26 


1987 


76 


Costa JD, Ellson RW, Martin RC 


34 


JRS 


27 


1988 


80 


Rivera-Batiz FL 


49 


RSUE 


18 


1989 


88 


Mankiw NG, Weil DN 


90 


RSUE 


19 


1990 


61 


HelsleyRW, Strange WC 


30 


RSUE 


20 


1991 


74 


Bucovetsky S, Wilson JD 


67 


RSUE 


21 


1992 


79 


Garcia-Mila T, McGuire TJ 


62 


RSUE 


22 


1993 


72 


Krugman P 


52 


JRS 


33 


1994 


65 


Burbidge JB, Myers GM 


18 


RSUE 


24 


1995 


66 


Zenou Y, Smith TE 


12 


RSUE 


25 


1996 


73 


Porter ME 


18 


IRSR 


19 


1997 


47 


Eaton J, Eckstein Z 


17 


RSUE 


27 


1998 


43 


van Ommeren JN, Rietveld P, Nijkamp P 


9 


JRS 


38 




43 


Kilkenny M 


9 


JRS 


38 


1999 


42 


Magrini S 


12 


RSUE 


29 


2000 


37 


List JA, Gerking SD 


5 


JRS 


40 
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1974, and Tony Smith debuted in 1975 and reappeared as co-author in 1983 and 
1995. 

5 Conclusion: The articles in context 

This analysis has focussed on journal articles in regional science, but the leading 
scholars identified here have also written books and published in other journals. A 
very brief review of the broader records of the ten most cited article authors puts into 
context the citations to the regional science journals. It also reveals some defining 
characteristics and communalities among intellectual leaders of regional science. 
I shall not enter into the horrors of obtaining and using the data on all their cited 
research. Suffice it to say that I am reporting here exactly what the night watchman 
wrote down, so the citation numbers are undercounts. 

Michael Greenwood had 463 citations to his regional science articles. In addi- 
tion, he had at least 450 citations to his survey articles on migration and immigration 
in the Journal of Economic Literature, 190 citations to articles in Review of Eco- 
nomics and Statistics, 135 citations to articles in Demography, 100 to articles in 
the American Economic Review, 58 to the Journal of the American Statistical As- 
sociation, 55 to a book he wrote on migration and economic growth, and many 
more. 

William Alonso had 276 citations to his regional science articles, but at least 900 
citations to his book. Location and Land Use. His book on the politics of numbers 
attracted 70 more, various articles in the Journal of the American Planning Asso- 
ciation (or its predecessors) netted 65, and a piece in Economic Development and 
Cultural Change and his theory of movement chapter in Niles Hansen’s Human Set- 
tlements book had 50 citations each. Alonso’s portfolio also includes a think piece 
on economic-demographic interrelationships in the American Economic Review 
with 18 citations and several other pieces with 10 to 25 citations. 

Julian Wolpert had 272 regional science citations, 261 of them from one article. 
Over 150 citations in the Annals of the American Association of Geographers and 
over 100 in the Journal of Social Issues form a career pattern outside regional 
science similar to the one inside - a few key articles that drew very major attention. 

Harry Richardson has 263 regional science citations. Add 211 citations to the 
Journal of the American Planning Association, 158 citations to Environment and 
Planning A, 130 each to Regional Studies and Urban Studies, and 66 to the Journal 
of Urban Economics before beginning to count Richardson’s many books. Among 
them are Regional Growth Theory with 148 citations. Input Output and Regional 
Economics with 129, various regional economics overviews with over 210 citations, 
and various urban economics books with over 150. 

Luc Anselin has 258 citations to regional science journals, but his Spatial Econo- 
metrics book alone has over 350 citations, and his articles in Geographical Analysis 
have 219 more. In addition, there are over 100 citations to his SpaceStat software 
materials, 70 citations to Environment and Planning A, 65 to various books he has 
edited, and 42 to the Journal of Urban Economics. 

Other scholars on the top ten list show the same pattern of numerous major 
research achievements outside the regional science journals. Torsten Hagerstrand’s 
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book on innovation diffusion from 1967 has over 350 citations; Niles Hansen’s book 
on rural poverty from 1970 has more than 140 citations; Masahisa Fujita’s spatial 
economics book from 1999 with Paul Krugman and Anthony Venables already has 
over 170 citations and his urban economic theory book from 1989 has 150 citations; 
and Brian Berry has books from 1967 and 1977 with over 200 citations each, plus 
four journal articles with well over 100 citations. 

This salute to the intellectual leaders of regional science concludes most appro- 
priately with Walter Isard. Tenth on the citation list with 204 citations to his many 
regional science journal articles, he has two other distinct sets of research contri- 
butions with more citations. His first two books alone have over 1,000 citations: 
Methods of Regional Analysis from 1960 has 584 md Location and Space-Economy 
from 1956 has 448. In addition, his articles in the Review of Economics and Statis- 
tics and Quarterly Journal of Economics from the 1940s and 1950s have attracted 
more than 220 citations (since 1982). 

As the information for the other nine intellectual leaders shows, Walter Isard 
was the prototypical intellectual leader. All 10 intellectual leaders of regional sci- 
ence have excelled not only in the world of regional science but also in disciplinary 
arenas. Almost all have written important books as well as influential journal arti- 
cles. 

The implication for regional science at age 50 is good. Its intellectual leaders, 
past and present, are well connected to many high-energy currents of contemporary 
scholarship, and they are contributing outstanding scholarship themselves. Pair that 
with the number of cited debut articles in the 1990s and we can conclude that, a half 
century in, this regional science enterprise continues to be well-led intellectually, 
and continues to attract to its journals and activities new people with new ideas. 
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Abstract. Academic disciplines evolve and regional science is no exception. 
Physics, French or economics changes over time but at the end of the day (or 
decade), they remain physics, French or economics. But regional science is dif- 
ferent; it can take on the perspectives of geography, economics, planning, or other 
social sciences. At its best, perhaps regional science is a composite of these; many 
therefore think that the inevitable tension between these content areas and scientific 
and non-scientific orientations is not only healthy but is also essential. Balancing 
perspectives and managing tensions in a discipline where both basic and applied 
research is appropriate is challenging. Combine this with the fact of rapid change 
and increased competition for limited resources in academic institutions with re- 
gional science programmes. From this starting point it seems worthwhile to revisit 
how we manage regional science and position it within our universities and within 
our graduates’ job markets. We propose a model sensitive to both the supply side 
and the demand side, which indicates that we proactively cultivate markets within 
and outside educational institutions. We discuss the need for introductory regional 
science courses at the undergraduate level and for programmes at the masters and 
Ph.D. levels that transfer existing knowledge and prepare the next generation for 
intellectual and technical leadership in the field of regional science. 

JEL classification: A12, A20, B30, RIO 

Key words: Regional science, education, history and epistemology of regional 
science 
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1 Introduction 

Academic fields evolve and regional science is no exception. The disciplines of 
physics, French and economics change over time but at the end of the day (or 
decade), they are still physics, French or economics. Regional science is unique 
in that it is continuously reinterpreted. Most regional scientists enter this multidis- 
ciplinary field after having received advanced training in a traditional discipline 
such as economics or geography. Although they usually have no intention of aban- 
doning their disciplinary origins, they are attracted to the prospect of broadening 
their perspectives and problem solving capabilities by borrowing from other rel- 
evant disciplines and fields. The appeal of regional science arises in part from its 
emphasis on spatial approaches to problem solving and from the expectation that 
regional scientists will stretch beyond their own traditional disciplines and incor- 
porate approaches and perspectives from other areas: the social sciences, natural 
sciences, business, and engineering. 

Although there may be inevitable tension among scholars from different disci- 
plines, it seems to be a healthy and essential condition. Keeping various perspectives 
in balance and managing the extra tension inherent in a field, where basic as well as 
applied research are appropriate, is a challenge. Mainstream disciplines meet these 
challenges within their university-based departments and scholarly associations. 
Unfortunately, proper departments of regional science with control mechanisms 
for tenure, chains of command, budgetary authority, curriculum control, and so 
forth, are rare. The bottom line is that regional scientists have relatively few op- 
portunities to leverage their clout within their own institutions. Instead they must 
rely on their scientific organisations, which are typically managed and operated by 
volunteers from within the field - who have limited financial and other resources at 
their disposal. Regional science is indeed travelling down a very different path than 
that which has the attributes, resources, and status of a widely known, respected 
and highly regimented discipline, such as economics. 

Combine this with the fact of rapid change and increased competition for limited 
resources in academic institutions with regional science programmes. From this 
starting point it therefore seems worthwhile to revisit how we manage regional 
science and position it within our universities and within our graduates’ job markets. 



2 Regional science: Intrinsic value and demonstrated value 

Some university-based fields have intrinsic value and others do not. This probably 
has more to do with perceived rather than real utility, but it is a fact of academic 
life nevertheless. Disciplines have intrinsic value when they are seen to provide 
the theoretical foundation for a field, e.g., economics provides a theoretical foun- 
dation for business, and biology provides the theoretical foundation for the health 
sciences. The intrinsic value increases as the value of the field it supports increases. 
Regional science suffers because it is not a discipline, and therefore could not be 
a “foundation discipline”, and because it is not perceived as a field that can make 
distinctive and vital contributions to planning and management strategies for re- 
gional growth and development. Unfortunately, regional science in most countries 
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Fig. 1. Representations, social changes and educational institutions’ response 



does not seem to have intrinsic value, at least in many of the best universities. It 
is impossible to imagine a good university without an economics department or a 
physics department, but it is simple to imagine a good university without regional 
science. 

Regional scientists can agree that this statement is unfortunate and regrettable, 
but they will also agree that it is a sad but true fact of academic life. The premise 
implicit and now explicit in this article is that academic fields without a widely 
perceived intrinsic value can reduce their at-risk status - by not merely asserting 
their intellectual value, but by demonstrating their value for solving problems and 
informing policy in the worlds of planning, business and government, and the NGO 
sector. For example, in the formative years of the 1950s and 1960s, regional sci- 
entists were not only building a solid theoretical foundation for the field. They 
were also aggressively working on high-profile applied studies having significant 
“demonstration value”. Examples include studies of the iron and steel industry, 
on the Puerto Rican petrochemical industrial complex and on the Philadelphia 
Input-Output System. We do not know if there really are fewer high-profile applied 
projects today or whether it just seems that way. Perhaps the impacts of studies in 
years past were heightened because many were associated with one university, the 
University of Pennsylvania, that had a well-articulated method of communicating 
to a wide audience. In any case, we argue that regional science will benefit and 
secure a solid base in universities when it can demonstrate that its graduates are 
well positioned to solve real world problems, and are able to make strong contri- 
butions in positions not yet requiring regional science training per se. The most 
successful multidisciplinary fields of business and medicine have well-developed 
job markets within the academy, but have even more robust job markets in industry 
and government. The best way to reinforce our position is by increasing our access 
to students as well as to those outside the university who hire our students who can 
put our approaches to market tests. 



3 Regional science and education 

Education philosophers and theorists such as Kuhn (1962) and Schlanger (1983) 
have developed models to help us understand how academic disciplines and fields 
come into existence and change over time. The basic ideas are straightforward. 
Some sort of representation is “tested” by society. If acceptable, it is embraced by 
educational institutions (Fig. 1). 
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There is an initial representation. For example, the forefathers of regional sci- 
ence make substantial and well-documented contributions to tasks of strategic plan- 
ning for resource utilisation and industrial location to support the efforts of the allies 
during World War II. The United States and Europe were “thinking regionally” as 
they carried out the business of wartime and post war regional adjustments, espe- 
cially with the Marshall Plan. Meanwhile, the cold war was driving programmes to 
build capacity and develop networks to facilitate flows between regions (e.g., the 
interstate highway system in the United States and the St. Lawrence seaway). So- 
cial, cultural, economic, and political institutions discover something of value and 
accept the new representation. It is compatible with dominant ideologies. Globali- 
sation, economic growth, emerging social disparities, and the baby boom all serve 
to shape the representation as well as encourage its acceptance. At the same time, 
the development of the computer, information technologies, and biotech advances 
have changed our lives. 

As innovations gain acceptance there are subsequent changes in how we regard 
space in relation to the location of goods and services. Educational institutions re- 
spond by offering new courses in regional science in universities like Pennsylvania, 
Chicago, Texas A&M, Rotterdam, Paris, and Dijon. Students are drawn to the new 
offerings and graduates are placed in appreciative firms and agencies. Over time, 
educational institutions respond by expanding offerings, establishing formal pro- 
grammes - and ultimately - by establishing freestanding departments. Educational 
institutions build capacity, demand is robust, public funding is available for re- 
search to help the nation meet its needs and support curiosity-driven “entitlement” 
research. 

Change in university-based fields of study is constant, as societies change and 
educational institutions follow. New representations are proposed and they compete 
with existing ones; ways of life change, values change and aspirations change. Aca- 
demic fields respond to advances in scientific knowledge and to changing values, 
aspirations, and preferences. Some fields maintain their positions or even improve 
them. Others are either pushed aside by new representations or struggle to maintain 
themselves. Institutions find their resource bases frozen or in decline. Competition 
for resources among units becomes keener. Faculty who are not entrepreneurial slip 
backwards. Extramural resources grow in importance as do public-private partner- 
ships and leveraging schemes. Eventually the system reaches a temporary equilib- 
rium - and then the cycle starts again. 

Regional science received a boost from the events following the Second World 
War (Fig. 2). In Asia, Europe and North America, spatial scientists were in demand 
as planners and managers of the war effort and of the post war reconstruction efforts. 

The 1950s, 60s and 70s were good years for regional science. But in the 1980s 
“thinking regionally” was replaced by “thinking globally” and spatial planning was 
succeeded by liberalism. In the years since 1980 we have witnessed the closure of 
regional science’s flagship department at Penn, the closure of the spatial economics 
unit at Rotterdam, and the closure of some departments friendly to regional sci- 
ence. In others a redirection of programmatic focus away from regional science 
type approaches and toward non-quantitative, critical theory type approaches has 
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Fig. 2. Three periods for regional science 



been undertaken. As a result, regional science programmes have not proliferated at 
previously anticipated rates. 

Pessimists regarded the Penn closure and related events as the beginning of 
the end. Optimists viewed this as a minor set back that could be overcome if a 
positive attitude was maintained and words like “crisis” were avoided (Bailly et al. 
1994, 1996). Chances are that neither cohort was entirely correct. Somewhere in 
between the pessimists and the optimists are the realists. The realist takes comfort 
in the fact that regional science has largely maintained its core values and has also 
responded to societal regional changes. But the realist is also aware that nothing 
remains the same and that new initiatives are required simply to maintain the status 
quo. Regional science needs to heighten its profile both within universities and 
outside universities. 



4 Managing regional science 

Gibson (1998) suggests that the business of all sciences is business, that is, our 
scientific organisations need to rethink the ways they conduct business and embrace 
new cohorts, including those in the private research sector. Ultimately, regional 
science needs to increase in size if it expects to have clout. 

In this section we turn in a slightly different direction. We are guided by the 
assertion that profit making businesses survive and those that do not, die. Specifi- 
cally, we seek a bottom-line for regional science as a university-based discipline. 
We explore ways for regional scientists to “make a profit”. Whereas university de- 
partments are not typically expected to generate more revenue than they spend, 
they are often judged in terms of ROI (Return On Investment). Alert administrators 
want to know what each of their departments deliver in terms of enrolment, research 
dollars, and external visibility given the university’s investment in the department. 
We do not concern ourselves with the content of regional science. We are concerned 
with the several beachheads regional scientists may want to consider taking and 
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holding in order to ensure that our field is adequately represented in the university 
curriculum. 

It has been argued that, in the past 25 years, the scientific literature with a 
regional science-type focus has grown conspicuously, and that regional science 
approaches have been funded extensively from extramural sources. Although we 
do not disagree with assertions of this type, we argue that those who make them 
may be missing an important point: that if regional science per se does not receive 
credit for these accomplishments, the field suffers. If a department of, say, planning 
or economics gets credit for the book or funded project, the university benefits but 
regional science as a distinctive field of inquiry will lag behind in the ongoing quest 
for administrative approval and support. We are always delighted to see regional 
scientists do well, but we become even more excited when we see the field of 
regional science receive full credit for its contributions. 

Similarly, we think those who claim that their work does not require extramural 
funding are missing an important point. For better or for worse, extramural funding 
has become an accepted way of measuring value added by an academic field or 
discipline. The most avaricious administrators will be primarily concerned with the 
recovery of indirect costs. But others use extramural funding as an indicator of a 
faculty member’s access to important networks and as a measure of acceptance into 
an elite fraternity. Others realise that outside funding can pay for graduate research 
assistants, faculty and student travel or communication costs of various sorts that 
may not be forthcoming from institutional budgets. 

The business of managing regional science raises delicate questions that are 
sometimes avoided for some of the same reasons that sex, religion and politics are 
avoided as dinner table topics of conversation - they get people riled. Previously, 
it seems that these questions were pushed aside by certain regional scientists who 
treated their field as a secondary or tertiary interest, and therefore had less stake 
in the health of the field (Golledge 2000). But the fact that people sometimes shy 
away from these issues does not mean that they should be downplayed or moved 
to the sidelines. 

Throughout its 50 years of existence, regional science has been actively (and 
often successfully) engaged in a balancing act involving fundamental and applied 
research. From almost the beginning, regional scientists have been committed to 
addressing spatial problems including regional differentiation and national identi- 
ties. Later came the locational analyses for new production facilities and service 
activities, regional development initiatives to deal with economic and social dis- 
parities, and enhanced spatial models to improve the efficiency and effectiveness of 
regional planning activities. Theoretical research and applied research were well- 
articulated components in a regional scientist education. “Space matters” became 
a defining slogan in the regional scientist community. 

In recent years it seems that different regions have followed conspicuously 
different paths. North America and countries in Western Europe, e.g., Sweden, 
were among the regions to increasingly emphasise theory and focus on fine-tuning 
models, sometimes at the expense of concern with operationalisation of models. At 
the other end, many countries, including lesser-developed ones, sometimes seemed 
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preoccupied with producing research with few, if any, real links to theory. Sorensen 
(1997) summarises these issues in three points: 

1 . Many economic models are contextually away from the world in which practi- 
tioners are acting; 

2. they underestimate variables essential to development including leadership, 
invention, innovation, entrepreneurship, networking, social values, and confi- 
dence; and 

3. there is poor understanding of the political and bureaucratic processes which 
enable us to move from scientific knowledge to action. Such drifts seem to have 
weakened regional science and diminished its usefulness as a problem-solving 
science. With a low number of students or a spotty record of extramural funding, 
regional science programmes risk losing credibility with academic authorities 
and make it increasingly easy for expanding free-market economies to neglect 
the spatial dimension. 

Regional science’s competitive advantage still lies in its ability to bring together 
the several elements that characterise human and economic systems and more the- 
matic approaches, such as urban and regional research and planning. If regional 
science’s promise is to be realised, the balance between these complementary ap- 
proaches needs to be restored and in the process, greater attention must be given 
to its position within the university curriculum and to engaging (or re-engaging) 
non-university based constituencies. 



5 Regional science programmes 

The notion that good applied research cannot exist without fundamental research 
has been frequently asserted. But perhaps even more basic is the question “who 
wants to know”. Wellar (1998) likes to think of two research models - curiosity 
driven research and client driven research. The trick, of course, is to assure that 
each model feeds off the other. The following simple model (Fig. 3) is offered as 
one way of considering a well-articulated university-based programme. 

In this model, basic concepts from regional science and other complimentary 
spatial disciplines are drawn together in core courses. Core courses establish a 
solid and rigorous scientific foundation and introduce students to the institutions 
and corporate culture of regional science. If the core courses are essentially inward 
looking, regional science research seminars are essentially outward looking. The 
seminars and the related research are tied to external constituencies and to external 
funding. It is here that regional science is pushed forward as a fundamental research 
field and it is here that regional science approaches are tried, fine-tuned and used 
to solve real-world problems at different geographic scales. 

Ideally, the business of introducing students to basic concepts and methods with 
applied examples would begin towards the end of the undergraduate programme. A 
well-taught introductory course would far in encouraging bright undergraduates to 
continue in regional science. An additional benefit gained from a large undergradu- 
ate course is the cost-efficient generation of student credit hours and an opportunity 
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Fig. 3. A university-based regional science programme 



to appeal to the next generation of “loyal alumni”, who are hopefully the next gen- 
eration of generous financial supporters. But given the multidisciplinary nature of 
regional science, we think that the first-degree programme should be at the masters 
level. A generalised overview of such a programme is described in Fig. 4; the model 
offered is consistent with the recommendations of the Bologna Convention.^ 

On completion of their master’s degree, students should be able to apply con- 
cepts in different situations and work as a participant or leader of research groups 
able to develop regional science ideas. 

Perhaps the greatest challenges in implementing a programme of this sort are (a) 
designing the curriculum for the general introductory courses, and (b) assuring that 
appropriate texts and other instructional materials are in place. Regional Science 
Associations in different countries such as Spain or Portugal are already preparing 
these materials. Many new masters programs, being set up now in universities, 
like the London School of Economics could serve as “best practice” models for 
programmes now in the planning stage. 



6 Four visions for the future 

A broad vision for the future of regional science is offered by van Geenhuizen and 
Nijkamp (1996): 

1 . We need to make progress in theory and in improvement of research tools and 
techniques both rooted in spatial sciences and in other areas such as chaos 
theory, choice models, multi-criteria analysis, and GIS. 

^ The Bologna Convention of 2001 produced an agreement among European states designed to stan- 
dardise B.A. degrees at 180 credits and M.A. degrees at 90 or 120 credits. According to the Bologna 
Convention, European undergraduate degrees should be designed as three-year degrees and M.A. pro- 
grammes should be two-year programmes. The B.A. will probably include some applied work in lecture 
classes and seminars. At the M.A. level applied practices could easily be one-half of the credits with a 
thesis or master report based on work completed within a public or private firm. 
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Fig. 4. An overview of a regional science curriculum 



2. We must track changes in the economy such as structural shifts based on tech- 
nological trajectories, increased flexibility of production and the emergence of 
the network economy. 

3. We should raise new spatial policy questions such as questions about transporta- 
tion infrastructure in Europe, the relationships between states and regional and 
local governments, ecological issues, and new urban problems. 

When translating this vision into action, we will certainly be wise to remember 
Hagerstrand’s (1973) concern about the need to consider the effects of programmes 
and policies on people. And we will need to consider the effects for regional science, 
if any, of paradigm shifts in the social and economic sciences. 

First, a number of regional scientists have moved away from the dominant pos- 
itivist paradigm. In some circles, research agendas are driven by concerns with 
quality of life, aging populations, “sustainable” regional development and regional 
performance, social segregation and exclusion, regional identity, awareness of new 
forms of citizenship and participation, quality of environment and resource utilisa- 
tion, and “territorial equity”. It is probably fair to say that regional scientists have 
not always been leaders in addressing these questions. 

Should regional science move more aggressively into these areas? Can it main- 
tain its distinctive identity and still make significant contributions to the business 
of dealing with, and managing, these issues? Rees (1999) is cautious “... the recent 
shift away from spatial analysis to social theory (in the social sciences) has not 
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found much support in regional science but it is the implications of postmodernism 
that should be of most concern. This is because postmodernism can be compared 
with ‘anything goes’ as an epistemology, and can be characterised as antitheory and 
antiscience”. What does this mean for regional science as a discipline and what are 
the implications for regional science’s standing as a decision science for business 
and public policy? 

Second, there are potential payoffs associated with expanding instructional pro- 
grammes to ensure exposure for graduate students in allied fields, university-based 
academics and researchers from the public and private research sectors dealing 
with regional issues. The general payoff is greater awareness that space, like time, 
is essential if we are to more fully appreciate human activities. Historians have built 
the case for time; regional scientists should continue to be effective advocates for 
the role of space. 

But there are more specific payoffs too. By focussing on undergraduate and 
masters level instruction, we are in a position to create additional demand for 
instructions - demand for graduate teaching assistants and eventually, more demand 
for professors. Further, and as noted previously, we build awareness that can create 
demand for graduate instruction. 

Similarly, we have thus far been unable to adequately sustain programmes de- 
signed to attract university-based academics and researchers from the public and 
private research sectors to regional science. In today’s funding environment enti- 
tlements are increasingly rare. Capturing extramural funds usually requires strong 
leadership, an entrepreneurial spirit and political capital. Funding also requires in- 
stitutional partners but institutional partners come and go. It appears that we are 
lagging behind when it comes to initiatives designed to sell regional science to 
academics, to the research sector, to public and private managers, and to elected 
officials. This is unfortunate inasmuch as these are our links to institutional partners. 

Third, we should follow the good examples set by medicine and business, engi- 
neering and the natural sciences, and other fields of study and aggressively pursue 
new forms of public and private funding. This means that we must have a clearly 
articulated vision of the relationship between basic research and applied research 
including the potential for relatively routine operations such as data collection and 
data bank maintenance and the delivery of training programmes to support and 
subsidise methodological improvements. As producers of research, we should en- 
visage creating laboratories and networks of research institutes as revenue centres 
supporting both research and instructional programmes while at the same time mov- 
ing us closer to “the business of translating theoretical processes into public policy 
and corporate action” (Gibson 1998). In this process we will likely find ourselves 
rethinking our definition of regional science and broadening the scope of our in^ 
quiries along lines suggested, over the years, by a variety of thoughtful students of 
regional science. Hagerstrand’s (1973) rhetorical question “what about people ...” 
has been expanded upon by others such as Thomas (1977), who talks about “space 
society”, not merely “space economy”. 

The real value of the approaches advocated by Thomas and others is that they 
remind us to search for methodologies to help us solve real problems, not just 
problems that fit our methodologies. The World Bank, the “Centre National de 
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la Recherche Scientifique” (a French national organisation for scientific research), 
UNESCO, major foundations, and private research groups typically start with prob- 
lems having social and economic dimensions. Regional science has the potential 
to provide the research perspectives, and regional scientists should further develop 
the capacity to manage these projects and follow through to the implementation 
phase. 

Fourth, although it is essential for us to continue to communicate with one 
another, we need to reach a new public. We should certainly continue to publish 
specialised books and article, but there is merit too in the publication of basic 
books for students beginning their training and popular books to inform the public 
about what we do. An excellent example of “readable social science” is journalist 
Garreau’s thoughtful and well-researched Edge Cities, Life on the New Frontier. 
We also need to reconsider “sound bite” definitions of regional science. Anyone 
who has organised a symposium with non-academic participants, or who has gone 
to potential sponsors for subsidies, should know the importance of a terse and 
satisfactory answer to the question “what is regional science?”. If the answer to 
the query is unclear, a satisfying dialogue will likely ensue. The situation becomes 
even more critical when dealing with the media. Most people think they know what 
an economist does. Few people know that regional scientists exist. 



7 Recommendations 

Although it looks like regional science has, at least to this point, lost out on its bid 
to be an easily recognised and indispensable academic field, it is vibrant, especially 
in some industrialised countries. Its usefulness as a research and teaching field and 
as an applied science is much, much greater than its prestige or public acceptance. 
The potential for regional science to serve as a partner for professional fields such 
as planning, and economic and social development is enormous. Each year regional 
science offers researchers who share an interest in spatial perspectives an attractive 
menu of meeting venues. Moreover, regional science supports a variety of high- 
quality scientific journals. 

Inasmuch as many regional scientists are related to an allied field, e.g., eco- 
nomics, geography, planning, and computer science, loyalties are sometimes di- 
vided and identities are frequently obscured. This tends to diminish our clout and 
make even more critical proactive initiatives to aggressively promote our field, our 
institutions and our publications. This proactive agenda needs to stress the retention 
of familiar cohorts, i.e., faculty in academic departments and must reach out to new 
constituencies both within the university and outside in public agencies and private 
firms (Golledge 2000). Given the proper action agenda, the goal of an expanded 
and even more energetic regional science community should be within reach. 

Regional science is a fairly new, but powerful field with unrealised potential 
for solving critical spatial problems. To assure that regional science reaches its full 
potential we offer the following recommendations: 

1. Design instructional courses at the undergraduate level and programmes at 
graduate levels to emphasise its value as an applied field. 
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2. Make the recognition of regional scientists and their work an explicit, not merely 
implicit, part of the instructional package. 

3. Develop networks, which bring regional scientists into direct and regular con- 
tact with professional planners, government agencies, businesses, and consul- 
tancies and the private research sector, and the administrators who manage these 
organisations and agencies. 

4. Create an academic culture that values the benefits of external funding and is 
supportive of both public-public and public-private partnerships that support 
spatial applications. 

5. Be aggressive in cultivating the media to encourage public recognition of the 
contributions of regional scientists in solving problems for business, govern- 
ments and NGOs. 
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Abstract. This article presents a summary of our conversation on the past, present 
and future of the new economic geography, which took place with the help of an 
interlocutor in San Juan, Puerto Rico in November 2002. Following the introduc- 
tion, we explain what the new economic geography is, and we describe some basic 
models. The discussion of its various critical aspects is presented subsequently, and 
the article concludes with the discussion of future issues and challenges facing the 
field. 
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1 Introduction 

The internet engages people in the exchange of information and movement around 
the world to such a large extent that rarely do they have opportunities to sit together 
and enjoy conversation. Thanks to the North American Meetings of the Regional 
Science Association in San Juan, Puerto Rico in November 2002, the two of us had 
the rare chance to relax and discuss the past and future of the new economic ge- 
ography for the special issue of Papers in Regional Science celebrating the fiftieth 
anniversary of the Regional Science Association International. We were together 
with one of our friends, who kindly volunteered (but preferred to remain anony- 
mous) to serve as the coordinator, or interlocutor, of our discussion. 

* We thank Maria Makabenta, the guest-editors of the journal and an anonymous reviewer for valuable 
comments on earlier drafts. The first author is grateful to Grants in Aid for COE Research 09CE2002 
and Scientific Research S 13851002 (Japanese Ministry of Education and Science). 
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The setting could not have been better. During the late morning of a beautiful 
day in the Caribbean, the three of us relaxed on reclining chairs beside a placid pool, 
facing a seamless horizon, where the vast blue skies met the deep azure Atlantic 
Ocean - the very same waters Christopher Columbus sailed 600 years ago in search 
of “the new world.” The conversations reproduced here have been conducted in an 
informal tone, which may help illuminate what new economic geography is all 
about. We provide a general overview of its origins, development, as well as the 
current debates, which will be particularly helpful to students and the uninitiated 
in this burgeoning field of research. In general, the discussion summarised below 
is intended to convey a vivid sense of what is happening, the major issues and 
challenges facing new economic geography. 

Interlocutor: Do you guys often meet like this? 

Fujita: Well, we met for a few days in Tokyo about a month ago. But we were so 
busy that there was no time to sit together like this. 

Krugman: Indeed, attending this conference is a real treat for me. 

I: Incidentally, congratulations on jointly receiving the first Alonso Prize for your 
contributions to the development of the new economic geography. 

K: Thanks, but it was a big surprise for me when I was notified about it a couple of 
months ago. 

F: This is a great honour for me. In fact, I only wish that Anthony (J. Venables) were 
also here with us. Anyway, we share the prize with all our friends and colleagues 
who have worked towards developing the so-called new economic geography. 

I: Today, I would like to let you both talk freely about the past, present, and future 
of the new economic geography. 



2 What the new economic geography is 

I: For our readers, it would be nice to review first what the new economic geography 
is. Perhaps, you might start with its goals. 



2.1 Goals of the new economic geography 

F: The defining issue of the new economic geography is how to explain the forma- 
tion of a large variety of economic agglomeration (or concentration) in geograph- 
ical space. Agglomeration or the clustering of economic activity occurs at many 
geographical levels, having a variety of compositions. For example, one type of 
agglomeration arises when small shops and restaurants are clustered in a neigh- 
bourhood. Other types of agglomeration can be found in the formation of cities, 
all having different sizes, ranging from New York to Little Rock; in the emergence 
of a variety of industrial districts; or in the existence of strong regional disparities 
within the same country. 

At the other extreme of the spectrum lies the core-periphery structure of the 
global economy corresponding to the North-South dualism. It is also important to 
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notice that all these different types of agglomeration at different levels are embedded 
in a larger economy, altogether forming a complex system. 

K: Take New York, for example. At one level everyone understands the economics 
of metropolitan New York reasonably well. As many historians, for example, Albion 
(1939), explain, the city owes its front-rank status to the initial advantages conveyed 
by the Erie Canal and the innovations (such as regularly scheduled Atlantic cross- 
ings) introduced by its merchants in the early nineteenth century. Its importance is 
now sustained by the advantages conveyed by an existing agglomeration to certain 
industries, notably finance and communication. Even now it is difficult to obtain a 
better account of how these advantages work than is given by Hoover and Vernon 
(1959). And one can understand much of the internal structure of the metropolis by 
thinking in terms of land-use models along the lines pioneered by Alonso (1964). 

F: In fact, when I was a Ph.D. student in the Department of Regional Science at 
Penn in the late 1960s, Hoover and Vernon (1959) and Alonso (1964) were the main 
textbooks in the location theory course, together with Weber (1909), Christaller 
(1933), Losch (1940) and Isard (1956). 

K: And yet from the point of view of someone accustomed to the crystalline clarity 
of international trade theory, this level of understanding is quite unsatisfactory. You 
want the discussion of the city’s economy to be integrated with an account of the 
workings of the national (or world) economy as a whole. As an economist would 
say, you want a general-equilibrium story, in which it is clear where the money 
comes from and where it goes. This story should explain both concentration and 
dispersion: why so many people work in Manhattan and also why so many other 
people do not. The long tradition of analysis descending from von Thunen (1826) 
does an excellent job of explaining the pattern of land use around a city or central 
business district, but it simply assumes the existence of that central focus. And 
as far as possible the story should explain the forces of concentration in terms of 
more fundamental motivations; it should not leave us open to jibes like that of the 
physicist who said, “So economists believe that companies agglomerate because 
of agglomeration economies”. 

I: That sounds rather sarcastic. But it is similar to the attitude of a famous mathe- 
matician who once asked Paul A. Samuelson, “Name me one proposition in all of 
social sciences which is both true and non-trivial.” 

F: The larger point is that by modelling the sources of increasing returns to spatial 
concentration, we can learn something about how and when these returns may 
change, and then explore how the economy’s behaviour changes with them. 

K: The goal of the new economic geography, then, is to devise a modelling approach, 
a story-telling machine that lets one discuss things like the economics of New York 
in the context of the whole economy. That is, in general equilibrium, it should allow 
us to talk simultaneously about the centripetal forces that pull economic activity 
together and the centrifugal forces that push it apart. Indeed, it should allow us to 
tell stories about how the geographical structure of an economy is shaped by the 
tension between these forces. And it should explain these forces in terms of more 
fundamental micro decisions. 
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I: That sounds perfectly reasonable. But why is it such a difficult order that has to 
be kept waiting for its fulfillment until now? 

K: Indeed, it may not sound like such a tall order. But it turns out that for annoyingly 
technical reasons it is not an easy order to fill. The sorts of stories that might explain 
agglomeration in terms of micro decisions depend on increasing returns, or at least 
indivisibilities, at the level of the individual producer. This, in turn, means that 
one cannot assume perfect competition, and imperfect competition is notoriously 
hard to embed in a general-equilibrium story. Transportation costs are also clearly 
crucial; yet if one wants to have an integrated picture of the economy, this means 
that the resources used and income generated by the transportation industry must 
also be part of the picture. 

F: Let me emphasise some key terms here. The first is the general-equilibrium 
modelling of an entire spatial economy, which sets apart our approach from that of 
the traditional location theory and economic geography. The second is increasing 
returns or indivisibilities at the level of the individual producer or plant, which is 
essential for the economy not to degenerate into “backyard capitalism” (in which 
each household or small group produces most items for itself). Increasing returns, 
in turn, lead to the market structure characterised by imperfect competition. The 
third is, of course, transport costs (broadly defined), which makes location matter. 
Finally, the locational movement of productive factors and consumers is a prere- 
quisite for agglomeration. 

K: Put one thing on top of another, and it all starts to look too complicated to 
convey any insights. But provided one is willing to make some silly but convenient 
assumptions, assumptions that have also played a role in the new trade theory and 
the new growth theory that emerged in the second half of the 1980s, things need 
not be so bad. And that is the strategy employed in the new economic geography. 



2.2 Modelling strategies 

I: I have a reasonably clear idea about the goals of the new economic geography. 
But in practice, what kind of “silly assumptions” or modelling strategies do people 
use? 

F: Let Paul, the master player, explain the games played by modellers in the new 
economic geography. 

K: In our book The Spatial Economy (1999), Masa, Tony and I offer a slogan only 
an economist could love: “Dixit-Stiglitz, icebergs, evolution and the computer”. 
Yet the slogan captures the essence of the intellectual tricks that we and other 
new economic geography theorists have used in order to cope with the technical 
difficulties involved in trying to deal with the subject. Everyone recognises that 
these are strategic simplifications, which is to say, intellectual cheap tricks; but 
they do allow us to get past the technical issues and tell stories about the real 
economics. 

“Dixit-Stiglitz” refers to an ingenious analytical model introduced by Avinash 
Dixit and Joseph Stiglitz more than twenty years ago (Dixit and Stiglitz 1977). What 
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they did was take an old idea, that of “monopolistic competition”, and give it a much 
sharper-edged formulation. Monopolistic competition, in turn, may be described 
as an attempt to recognise the existence of monopoly power - and the increasing 
returns that give rise to that power - while sacrificing as little as possible the 
simplicity of good old-fashioned supply and demand. Thus firms have market power 
and use it; but they are assumed to act in a purely unilateral fashion, never trying to 
organise cartels or even tacitly collude on prices. Every firm has a monopoly on its 
own distinctive product, but other firms can introduce products that are (imperfect) 
substitutes for that product. Telling this story in an uncomplicated fashion requires 
some funny assumptions both about consumer behaviour and about the technology 
of production; but it has the virtue of producing in the end a picture of an economy 
in which there are increasing returns, in which one need not get into the fascinating 
but messy issues posed by realistic oligopoly. 

“Icebergs” refers to a clever model of transportation introduced by Paul Samuel- 
son (1952) in one of the relatively few papers in traditional trade theory that does 
put transport costs into the story. Instead of describing an industry that produces 
transportation services, using capital and labour to get stuff from here to there, 
Samuelson proposed imagining that goods can be shipped freely but that part of 
the shipment “melts” in transit. Silly, yes, but it sidesteps the need to analyse trans- 
portation itself as another industry, and it also turns out to simplify the description 
of how monopolistic firms set their prices (specially, it removes the incentive to 
absorb transport costs, charging a lower f.o.b. price for exports than for domestic 
sales). 

“Evolution” refers to how one thinks about how the economy “selects” one 
of several (or many) possible geographical structures. It is typically true of new 
economic geography models that they have multiple equilibria: to put a realistic 
gloss on it, if somehow Philadelphia rather than New York had become established 
as the centre of the financial industry in 1860, that leadership would be just as self- 
sustaining today as the one we actually see. It may seem obvious that this means 
that history determined which of many possible structures actually emerges. But in 
fact it is not so obvious: what happens if individuals themselves try to forecast the 
future, and base their decisions on those forecasts? Then one faces the possibility of 
self-fulfilling prophecies: if most financial firms believed that most other financial 
firms were about to move to Philadelphia, their belief would be vindicated, but 
so would a corresponding belief that they would all go to New York or, for that 
matter, Boston. The slogan of evolution in the new economic geography essentially 
refers to the decision not to let the hypothetical players be that forward-looking, 
to assume that decisions about where to locate are based on current conditions, 
and therefore to rule out self-fulfilling prophecies. The geography of an economy 
therefore evolves in a way that reflects history and accident, but not expectations 
of the future. 

Finally, the “computer” refers to the tendency of new geography theorists to 
use high-technology numerical examples, the sort of thing that would have been a 
major undertaking a generation ago, but can now be carried out almost casually on 
any desktop computer as an intuition pump, a way to gain a sense of the possibilities 
implied by the underlying models. It is still possible to learn a great deal from paper- 
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and-pencil analysis, and often the results both of that analysis and of simulation 
can be given clear intuitive explanations; but both the analysis and the intuition in 
general are attained on ground first explored with the computer. 

F: Talking about the computer reminds me of Paul’s visit to the University of 
Pennsylvania in 1992. Just after the appearance of Paul’s now classic two works, 
Increasing Returns and Economic Geography (1991a) and Geography and Trade 
( 1 99 1 b), I invited Paul to come to Penn to give a speech, which was realised on April 
16, 1992 (incidentally, the same date when a Democratic presidential candidate, 
Mr. Clinton, came to Philadelphia for a big campaign). In the taxicab on the way 
to Penn’s campus from the airport, he excitedly opened his laptop and started 
simulating his “racetrack economy” model, the programme he had just completed in 
the Boston airport while waiting for the plane. (The initial version of his “racetrack 
economy” had twelve regions around the circumference of a circle, like a clock, 
and goods must be transported along the circumference.) Starting with any initial 
distribution of economic activity nearly uniform across space, the simulation always 
ended with all manufacturing equally agglomerated into just two regions, which 
located exactly in the opposite side, thus leading to the self-organisation of a central- 
place system. This surprising result was later proven analytically (in a more general 
setting with a continuum of locations) in Krugman (1996), The Self-Organizing 
Economy, using Turing’s (1952) approach for morphogenesis in biology. Such a 
combination of computer simulation and paper-and-pencil analysis is typical in the 
process of theory development in the new economic geography. 

I: Turing the famous mathematician? 

K: Yes, Alan Turing who introduced the concept of the Turing machine, a math- 
ematical model of the computer. He is also a pioneer of mathematical models of 
pattern formation in biology. 

I: Perhaps, you may now provide representative examples of how such a character- 
istic method works. 



3 Basic models 

F: In The Spatial Economy we have three classes of models: regional models, urban 
system models and international models. At first sight, they seem to be dealing 
with separate issues in disparate fields. But the three classes of models actually 
represent minor variations of the same basic modelling architecture, indicating that 
these fields are not that disparate after all. Indeed, be it urban economics, location 
theory or international trade, it’s all about where economic activity takes place and 
why. 

I: Let us briefly describe, in turn, the typical approach taken in each class of models. 



3.1 Core and periphery 

K: The core-periphery model, introduced in Krugman (1991a), is like the 2 x 2 x 2 
models of textbook trade theory, providing a basic introductory framework for the 
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new economic geography - a framework that illustrates how the interactions among 
increasing returns at the level of the firm, transport costs and factor mobility can 
cause spatial economic structure to emerge and change. 

There are two regions, two production sectors (agriculture and manufacturing), 
and two types of labour (farmers and workers). The manufacturing sector produces 
a continuum of varieties of a horizontally differentiated product; each variety is 
produced by a separate firm with scale economies, using workers as the only input. 
The agriculture sector produces a homogeneous good under constant returns, using 
farmers as the only input. Workers are freely mobile between regions; whereas 
farmers are immobile, distributed equally between the two regions. Finally, the 
agricultural good is costlessly traded between regions, whereas the interregional 
trade of manufactures involves a positive transport cost (in an iceberg form). 

In this model, the immobility of farmers is a centrifugal force because they 
consume both types of goods. The centripetal force is more complex, involving a 
circular causation. First, if a larger number of firms locate in a region, a greater 
number of varieties are produced there. Then, workers (who are consumers) in 
that region have a better access to a greater number of varieties in comparison 
with workers in the other region. Thus, (other things being equal) workers in that 
region get a higher real income, inducing more workers to migrate towards this 
region. Secondly, the resultant increase in the number of workers (= consumers) 
creates a larger market than the other region, which in turn yields the home market 
effect familiar in international trade (Krugman 1980). That is because of scale 
economies, there is an incentive to concentrate the production of each variety in 
only one region; because of the transport cost, (other things being equal) it is more 
profitable to produce in the region offering a larger market, and ship to the other. This 
implies the availability of even more varieties of differentiated goods in the region in 
question. In short, the centripetal force is generated through a circular causation of 
forward linkages (the incentive of workers to be close to the producers of consumer 
goods) and backward linkages (the incentive for producers to concentrate where 
the market is larger). 

If forward and backward linkages are strong enough to overcome the centrifu- 
gal force generated by immobile farmers, the economy will end up with a core- 
periphery pattern in which all manufacturing is concentrated in one region. The 
core-periphery pattern is likely to occur (i) when the transport cost of the manufac- 
tures is low enough, (ii) when varieties are sufficiently differentiated, or (iii) when 
the expenditure on manufactures is large enough. 

Agglomeration need not occur, of course. However, a small change in critical 
parameters can “tip” the economy, from one in which two regions are symmetric 
and equal to one in which tiny initial advantages cumulate, turning one region 
into an industrial core and the other into a de-industrialised periphery. That is, the 
dynamics of the model economy are subject to catastrophic bifurcations: points at 
which their qualitative character suddenly changes. 

Finally, there turns out to be a subtle but important distinction between the 
conditions under which a core-periphery geography can arise and under which it 
must arise. Basically, there is some range of conditions under which an established 
concentration of industry in one region would be self-sustaining, but under which an 
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equal division of industry will also be stable. At one level this is a technical issue - it 
means that when doing the algebra of the model, the economist must make separate 
calculations of the conditions for symmetry breaking and for sustainability. But it 
also suggests that the possible evolution of geographical structure in the real world 
has more complexity to it than one might have supposed. Consider, for example, 
the future financial geography of Europe. One might notice that the US has one 
dominant financial centre, and might suppose that with growing integration and the 
introduction of a common currency the same must eventually be true for Europe; but 
core-periphery theory tells us that sometimes both a polycentric and a monocentric 
geography are stable - that while Europe would surely sustain a New-York-style 
financial capital had one been established, it need not necessarily evolve one starting 
from its current position. 



3.2 Evolving an urban system 

F: Two-location stories are helpful builders of intuition; yet empirical economic 
geography must cope with a world in which activities are spread across continuous 
space. Is the new economic geography, like much of traditional trade theory, stuck 
with “two-ness” and all the imitations that it implies? 

The answer is: not necessarily - though there is still quite a difference between 
what can be formally modelled, or even simulated on a computer, and what one 
can see on a map. 

Perhaps the most appealing, albeit least realistic, approach to the evolution of 
spatial structure involves applying Turing’s approach for morphogenesis in biology, 
which I mentioned previously in connection with Paul’s “racetrack economy”. The 
Turing approach offers as nice an example as one might wish for about how trendy 
concepts like self-organisation might apply in economics, and it has a certain charm 
for those so-minded in the way that it makes use of unusual tools for economists, 
notably Fourier transforms. It even suggests some possibly more general insights. 
But, of course, the real world is neither initially flat nor circular, so the approach 
is, in a way, no closer to realism than a two-location model. 

An alternative, perhaps more directly realistic approach has been followed in 
a series of my papers with Paul and my students (notably Fujita and Krugman 
1995; Fujita and Mori 1997; Fujita et al. 1999). We now change slightly the basic 
2x2x2 model of core-periphery. Instead of two regions, the location space is now 
described by the real line along which land is distributed uniformly. All workers 
in the economy are now assumed to be identical and free to choose their location 
and occupation. The agricultural good is produced now using both land and labour. 
Finally, transport costs are assumed positive for both the agricultural and industrial 
goods. In this model, only the agricultural land is the immobile factor, which is the 
source of the centrifugal force. 

The approach starts with a von Thiinen “isolated state”: a city, defined as a 
concentration of manufacturing, surrounded by an agricultural hinterland. (Using 
the tricks of the new geography trade, it is possible to make this a fully defined 
equilibrium, in which the existence of the central city is derived from the effects 
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of forward and backward linkages, rather than simply assumed.) Then one grad- 
ually increases the population of the economy as a whole. The outer reaches of 
the hinterland eventually become sufficiently far from the centre that it becomes 
worthwhile for some manufacturing to “defect”, giving rise to a new city. Further 
population growth gives rise to still more cities, and so on. 

Key to this approach is the recognition that the attractiveness of any given loca- 
tion for manufacturing can be represented by an index of “market potential” derived 
from the underlying economics (Krugman 1993; but the idea of market potential 
goes back to Harris 1954, and this new work can be regarded as a justification 
of that approach). The process of change in the economy can then be regarded as 
involving a sort of co-evolution in which market potential determines where eco- 
nomic activity locates, and the shifting location of that activity in turn redraws the 
map of market potential. 

Like the Turing approach, this city-evolution approach ends up suggesting that 
despite the existence of many possible equilibria, there should be some predictable 
regularities in spatial structure. Once the number of cities has become sufficiently 
large, the size of and distance between cities tend to settle down at a roughly 
constant level determined by the relative strength of centripetal and centrifugal 
forces, providing some justification for the central place theory of Losch (1954). If 
there are multiple industries that differ in terms of scale economies and/or transport 
costs, the economy tends to evolve a hierarchical structure reminiscent of Christaller 
(1933). So this line of work provides a link back to some of the older traditions in 
location theory and economic geography. 

And there is one other payoff to such an evolutionary modelling: it offers an 
interesting viewpoint on the role of natural geography in determining economic 
geography. Anyone who examines even casually the real geography of economic 
activity is struck by the important degree of arbitrariness or, at best, historicity 
involved: New York is New York because of a canal that has not been economically 
important for 150 years. Silicon Valley, as we know it, exists because of the vision 
of one Stanford official two generations ago. Yet rivers and ports surely do matter. 
In new geography models in which a system of cities evolves, these observations 
are in effect reconciled. Favourable aspects of a location, such as availability of 
a good harbour, typically have a “catalytic” role: they make it likely that, when a 
new centre emerges, it will be there rather than some other location in the general 
vicinity. But once a new centre has become established, it grows through a process 
of self-reinforcement, and may thus attain a scale at which the initial advantages 
of the location become unimportant compared with the self-sustaining advantages 
of the agglomeration itself. In an odd way, natural geography can matter so much 
precisely because of the self-organising character of the spatial economy. 



3.3 Industrial concentration and trade 

K: In the previous two types of models, namely, core-periphery and urban system, 
factor mobility has been a key element in creating agglomeration. But in practice 
the concentration of production is greater than that of resources, in the sense that 
not every agglomeration is an important producer in every industry. There are many 
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cities specialised in a narrow range of industries such as Detroit and Hollywood. Can 
new economic geography-type models shed light on such industrial concentration, 
or must one appeal to other forces not present in the basic approach? 

The answer is that while more diffuse, hard-to-model forces like informal dif- 
fusion of information surely play an important role in creating and sustaining real- 
world industrial concentrations, it is also possible with a small modification of the 
core-periphery approach to shift the focus from agglomeration of resources to ge- 
ographical concentration of particular industries. Such a shift of focus is essential 
especially in the analysis of international specialisation and trade, defined in our 
case as models in which labour is immobile among locations. 

The key is to allow for a vertical structure of production in which one or more 
upstream sectors produce inputs for one or more downstream sectors, while both 
upstream and downstream producers are subject to increasing returns and transport 
costs. As Venables (1996) showed, this immediately means that there are back- 
ward and forward linkages that tend to concentrate the upstream and downstream 
producers in a single location. That is, producers of intermediate goods have an 
incentive to locate where they have the largest market, which is where the down- 
stream industry is; and producers of final goods have an incentive to locate where 
their suppliers are, which is where the upstream industry is located. 

One can either elaborate or simplify this basic insight. To simplify, one makes 
the slightly odd assumption that the upstream and downstream industries are really 
the same - that is, that the same goods are consumed and used as inputs to pro- 
duction of other goods. As shown in Krugman and Venables (1995), this leads to a 
formal model of industry concentration that is algebraically isomorphic to the core- 
periphery model, with only a slight reinterpretation of the meanings of the symbols. 
Thus this simplification highlights the essential similarity between the reasons why 
population concentrates in particular locations and industries “choose” particular 
population concentrations within which to be concentrated themselves. 

Alternatively, one can imagine a more realistic input-output structure in which 
each upstream industry provides inputs to several downstream sectors, and con- 
versely. In that case it becomes possible to discuss which characteristics of the 
input-output matrix cause industrial clusters to form, and also about the sequence 
in which regions will industrialise as world markets expand (Puga and Venables 
1996). 

A shift in focus from agglomeration to industry concentration has the incidental 
effect of bringing the new economic geography to bear on a traditional issue of 
international trade theory: the role of external economies in trade. A long tradition, 
going back to Graham (1923), has considered the possibility that increasing returns 
at the level of the industry (as opposed to the level of the individual plant) can 
cause otherwise similar countries to specialise in the production of different goods 
- and also that this process can work to the advantage of some countries at the 
expense of others (Krugman 1987). Many observers have noticed that the motivating 
examples for such stories, like the Italian advantage in tile production or the British 
dominance of financial services, tend to involve not just national external economies 
but specific localisations within countries - a point stressed in modem times by 
Porter (1990). New economic geography models allow us to revisit this idea with 
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an additional level of insight, because now the external economies are derived 
rather than assumed and can therefore be seen to vary in a predictable way as more 
fundamental parameters of the economy change. 

A slightly tongue-in-cheek example is Krugman and Venables (1995), which 
the authors themselves referred to as “History of the World, Part I”. It shows how a 
gradual process of growing world trade due to falling transport costs can first cause 
the world to divide spontaneously and arbitrarily into a high-wage, industrialised 
“North” and a low-wage, primary-producing “South”; then, at a later date, cause 
the South to rise again at the North’s expense. The point is not necessarily that this 
is a very good story about the actual history of the world economic system; but 
since stories more or less along these lines have enjoyed considerable popularity 
over the years, this approach shows how they can be justified by straightforward, 
dare we say neoclassical, economic models - and also highlights the reasons why 
the story might not work as well as sometimes supposed. 



4 Looking at the new economic geography in perspective 

I: Thus far, you guys have explained the new economic geography for its own sake. 
I would now like to introduce several critical issues surrounding the new economic 
geography and hear your reactions to them. This is not only to satisfy my own 
curiosity, but also to prepare the ground for our next discussion on the future of the 
new economic geography. 

F; I know there are plenty of critical opinions, from emotional ones to fundamental 
issues. Which should we start with? 

K: Let us begin with philosophical ones, to which we really don’t have good enough 
answers anyway. 



4.1 ''Ifs obvious, it’s wrong, and anyway they said it years ago”? 

I: As you may know, many economic geographers roll their eyes at the mention of 
“new economic geography”. 

K: I am aware that this name can annoy hard-working traditional economic geog- 
raphers, who feel not only that many of the things the “new” geographers say are 
old hat, but also that the new economic geography ignores almost as much of the 
reality they study as old trade theory. 

I: Not only traditional economic geographers but also some regional scientists and 
urban economists seem to have been annoyed. In your earlier period of working on 
the new economic geography, Paul once mentioned, “I am having a terrible time 
with my work on economic geography. Referees tell me, Tt’s obvious, it’s wrong, 
and anyway they said it years ago’ (Gans and Shepherd 1994, p. 178).^ 

K: Perhaps such negative reactions may be partly due to my insufficient attention 
to previously published work. 



^ The title of this subsection comes from the title of the paper by Isserman (1996). 
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F: In my opinion, such an apparent rejection by some traditional geographers arose 
not simply from an insufficient review of previous literature. Rather, it was based on 
emotional grounds. Whether something is new or not depends in part on the point 
of view. If one says, for example, “I found a new world”, then the native people 
would be greatly offended. In the present case, the possible offence arises from 
the combination of “new” and “economic geography”. If one called the same thing 
“the new geographical economics” or “the new spatial economics”, then it might 
have been less annoying for traditional geographers. In retrospect, however, I guess 
that the original naming has been constructive because it attracted the attention 
of many geographers, and we learned how differently economists and traditional 
geographers treat/understand geographic space. 

I: How about the negative reactions of some regional scientists and urban 
economists? 

F: Well, it was a case of “paradise invaded”. For regional scientists and urban 
economists, the field of economic geography/spatial economics has been a paradise 
where they exclusively enjoyed the mathematical modelling of spatial economic 
behaviour since the late 1950s. For a long time the paradise was protected naturally 
from mainstream economists, who deemed spatial economics inherently unfriendly 
terrain for, as Paul mentioned in Krugman (1995), they did not know how to deal 
with the problem of market structure in space in the face of increasing returns. 
Eventually, however, a prominent mainstream economist, Paul Krugman, arrived 
at the paradise in the early 1990s, carrying with him the new economic geography. 
It was a kind of invasion. However, the advent of the new economic geography 
caused a much less emotional snag for regional scientists and urban economists, 
for they themselves were newcomers (regional science in the late 1950s, and urban 
economics in the late 1960s) to the original paradise of economic geography. They 
were rather quick to embrace the new economic geography as a welcome addition 
to the field of spatial economics. 

K: Indeed, we view our work to an important degree as a continuation, perhaps even 
a validation, of Isard’s dream of returning space to the core of economic science. 

I: Apart from these emotional reactions, some of the criticism of the new economic 
geography models and the ways they’ve been presented, seem valid in their own 
right. Which criticism did you find the hardest to encounter or deal with? Which 
criticism is highest on your agenda for future incorporation? 

K: I think you are referring to criticism of the intellectual tricks summarised in our 
slogan “Dixit-Stiglitz, icebergs, evolution and the computer”. 

I: Yes, I am. 

K: We do admit that they represent intellectual cheap tricks, or strategic simplifica- 
tions, which only an economist could love. But you must also understand that, about 
a decade ago, we faced a formidable task of developing a new general-equilibrium 
machinery to enable us to tell stories about how the geographical structure of an 
economy is shaped by the tension between centripetal forces and centrifugal forces. 
The question then was simply: “Can we do it, or shall we give it up?” We natu- 
rally chose the simplest possible framework for our purposes. This does not mean. 
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of course, that the new economic geography is forever bound with such an initial 
choice of strategic simplifications. 

F: Replacing “silly assumptions” with more realistic/general ones would not be 
easy. I believe, however, it can be done step by step, as I will explain in greater 
detail when we discuss the future of the new economic geography a bit later. 

I: Speaking of Isard’s dream, it may be a good time to try to provide a historical 
account of the development of the new economic geography in connection with its 
precursors. First, Paul, how did you reach the basic framework of the new economic 
geography? 



4.2 Historical account of the new economic geography 

K: Well, in my case, I started thinking in the late 1980s what would be the likely con- 
sequences of increased European integration. As I explained in Krugman (1991b), 
I initially thought that some interesting things about the increasing factor mobility 
might be said from my own perspective on international trade. As I worked on the 
subject, however, I found that my analysis was drifting further and further away 
from international economics as I knew it. In international economics, we take as 
our base case a world in which resources are completely immobile but in which 
goods can be costlessly traded. What I found myself gravitating towards was a style 
of model in which factors of production were perfectly mobile but in which there 
were costs to transporting goods. In other words, I found myself doing something 
closer to classical location theory than to international trade theory. 

F: Speaking of classical location theory, it is interesting to observe that Paul’s 
experience is quite similar to that of von Thiinen, the “founding God” (Samuelson 
1983, p. 1468) of economic geography and location theory. Almost two centuries 
ago, von Thiinen’s model of The Isolated State (1824) was developed by similarly 
deviating from the then mainstream trade theory. That is, in characterising von 
Thiinen’s model, Paul Samuelson states in “Thiinen at Two hundred” (1983, p. 
1482) as follows: 

Ricardian trade theory traditionally assumes zero factor mobility and 100% commodity mo- 
bility between countries or regions. Thiinen’s model works out the opposite case. Within a 
region, labour moves freely (on immobile land); goods move only at a cost. Where labour will 
locate was not a question that trade theory considered, but Thiinen did. 

K: That’s an interesting story I was not aware of, 

F: Furthermore, there is a close similarity between Paul’s core-periphery model and 
von Thiinen’s model of a monocentric economy. That is, aside from the treatment 
of space (a continuous two-dimensional space by von Thiinen and a discrete two- 
region space by Krugman), the core-periphery structure is essentially the same as the 
monocentric spatial structure of von Thiinen in which manufactures are exclusively 
produced in the city and exported to the surrounding agricultural hinterland. 

I: What is the difference then? 

F; There is, of course, an essential difference. In von Thiinen’s model, manufacturing 
was supposed a priori to take place exclusively in the city of which unique existence 




152 



M. Fujita, R Krugman 



was also assumed a priori. Von Thiinen’s main concern was how the agricultural 
activity distributed itself in the hinterland of the city, which was formalised using 
a perfectly competitive equilibrium model under constant returns. In contrast, in 
the core-periphery model, manufacturing can possibly occur in either region. How- 
ever, under certain conditions, all manufacturing agglomerates into a single region 
due to the centripetal force generated through a circular causation of forward-and 
backward linkages as explained previously. For this to happen, of course, there 
must exist scale economies at firm-level; thus an imperfect competition model is 
required. 

I: Masa, in your case, how did you approach the new economic geography? 

F: Well, my case is more directly related with von Thiinen’s classic work. Before 
I started working together with Paul on the so-called new economic geography in 
the early 1990s, I was mainly concerned with the morphology of cities. As is well 
known, the land use model of monocentric city originated by Alonso (1964) is dual 
to the land use model of monocentric economy by von Thiinen (1824), in which the 
city is replaced with the CBD, whereas agricultural land is replaced with residential 
land. When I first learned the Alonso-model in a location theory course at Penn in 
the late 1960s, I immediately felt something strange about it. That is, when our 
objective is to explain the spatial structure of a city, the city is a priori assumed 
to be monocentric (namely, all production activity of the city is supposed to take 
place at the given centre, or CBD, which is to be surrounded by the residential area 
of workers who commute to the city). 

It was, however, only in the late 1970s when I became seriously concerned 
with this fundamental limitation of monocentric urban models after Alonso, and 
started together with my then student, Hideaki Ogawa, to develop the so-called non- 
monocentric urban models. In such a model, all firms and households (= workers 
= consumers) are assumed to be free to choose their locations within the city, 
and each worker supplies labour to a firm of his/her choice from his/her residence 
through commuting. The entire spatial structure of the city (including the number 
and locations of business centres) is then to be determined endogenously as an 
outcome of interactions between firms and households through competitive land 
and labour markets. 

I: In non-monocentric urban models, which are the centripetal forces that keep the 
location of firms and households together in a city? 

F: In our earlier models such as Ogawa and Fujita (1980) and Fujita and Ogawa 
(1982), the centripetal force of the city arises from communication externalities 
among business workers. Later in Fujita (1988,1 990) I also developed monopolistic 
competition models of the non-monocentric city, in which stores or firms sell a 
continuum of differentiated varieties of consumption goods or business services. In 
the latter class of models, the centripetal force arises from the pecuniary externalities 
from the transactions of differentiated products between suppliers and buyers, as in 
the models in the new economic geography. Thus, non-monocentric urban models 
can be considered as a precursor of the new economic geography. 

K: In fact, soon after publishing my first model of the new economic geography in 
Krugman (1991a), I noticed the existence of such models of urban morphology. 
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I: Are there precursors of the new economic geography earlier than non-monocentric 
urban models? 

F: Well, historically speaking, both the new economic geography and non- 
monocentric urban models represent a renewed interest in the “general theory of 
location and space economy”, using the terminology of Isard (1956), or in short, 
the general location theory, which is supposed to embrace “the total spatial array 
of economic activities” in an economy. Actually, Isard’s pioneering thinking on 
general location theory reflects an earlier idea of Ohlin (1933), who proposed the 
development of a “general location theory” by integrating trade and location theo- 
ries. Unfortunately, however, the general equilibrium theory at that time (based on 
perfect competition) was not ready for advancing such a general location theory. 

K: In this sense, as I noted previously, the new economic geography can be viewed 
as a continuation of Isard’s dream of a general location theory. 

I: What is the earliest work most closely related with the new economic geography? 

K: That is a difficult question. However, Alfred Marshall was certainly one of the 
first, who suggested over a century ago a threefold classification of the reasons for 
industrial localisation (1890, 1920, Chapter X). In modem terminology, he argued 
that industrial districts arise because of (i) knowledge spillovers (“the mysteries of 
the trade become no mysteries; but are as it were, in the air”), (ii) the advantages 
of thick markets for specialised skills, and (iii) the backward and forward linkages 
associated with large local markets. The new economic geography in effect con- 
siders only the third, one that is arguably less important in practice - but easier to 
formalise - than the others. 

F: Traditionally speaking, Paul is certainly right. When we discuss the reasons 
for the concentration of an industry at a specific location, or more generally, the 
agglomeration of people and industries in a city, it has been customary to go back 
as far as Marshall (1890), and then to Weber (1909) and Hoover (1936), and to the 
central place theory of Christaller (1933) and Ldsch (1940). Recently, however, I 
had the chance to carefully read the English translation of von Thiinen’s work by 
Wartenberg (1966), and found that von Thiinen himself provided a very systematic 
account of most factors explaining economic agglomeration. 

I: Really? I never heard such a thing. 

K: It is also news for me. The Isolated State then is another classic to which every- 
body refers but few have actually read. 

F: This is a good chance to remedy the history of location theory. Economic geog- 
raphers and location theorists always refer to von Thiinen, but (to the best of my 
knowledge) never in the context of agglomeration economies or city formation. 
However, one will be surprised to read Sect. 2.6 of Part II of von Thiinen (1826, 
1966), which contains the extracts of posthumous papers on location theory written 
between 1826 and 1842, and edited by Hermann Schumacher in 1863. Investigat- 
ing whether industrial firms are better off located in major cities (especially in the 
capital), von Thiinen first asks for the reasons against the location of industries in 
the capital, or the centrifugal forces (using the terminology of the new economic 
geography). Although I cannot go into detail here at the moment, von Thiinen’s 
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treatise is surprisingly comprehensive, including the impact of high land rents and 
high food prices on monetary wages in large cities. Von Thiinen ( 1 966, pp. 287-290) 
next investigates in depth the centripetal forces of industrial agglomeration: 

The following factors, on the other hand, favour the location of industries in large towns: 

(1) Only in large-scale industrial plants is it profitable to install labour-saving machinery 
and equipment, which economise on manual labour and make for cheaper and more efficient 
production. (2) The scale of an industrial plant depends on the demand for its products. • • • 

4) For all these reasons, large-scale plants are viable only in the capital in many branches of 
industry. But the division of labour (and Adam Smith has shown the immense influence this has 
on the size of the labour product and on economies of production), is closely connected with 
the scale of an industrial plant. This explains why, quite regardless of economics of machine- 
production, the labour product per head is far higher in large than in small factories. • • • 7) 
Since it takes machines to produce machines, and these are themselves the product of many 
different factories and workshops, machinery is produced efficiently only in a place where 
factories and workshops are close enough together to help each other work in unison, i.e., in 
large towns. Economic theory has failed to adequately appreciate this factor. Yet it is this which 
explains why factories are generally found communally, why, even when in all other respects 
conditions appear suitable, those set up by themselves, in isolated places, so often come to 
grief. Technical innovations are continually increasing the complexity of machinery; and the 
more complicated the machines, the more the factor of association will enter into operation. 



Although von Thiinen wrote his book at the very beginning of the Industrial Rev- 
olution in Germany, it would be hard to imagine a more explicit description of the 
forces shaping the industrial landscape. In particular, observe that the combination 
of von Thiinen’s agglomeration factors 1 , 2 and 4 closely resembles the “basic story” 
in Krugman (1991b) on the emergence of a core-periphery structure. Furthermore, 
if we combine these factors with the last one (7), which is about interindustry link- 
ages and technological spillovers, we receive another fundamental explanation for 
the emergence of industrial agglomeration. 

I: This is a big surprise. I should read von Thiinen’s book myself. Does this mean 
that if von Thunen’s original theory of monocentric spatial economy were unified 
with his equally pioneering thinking about industrial agglomeration above, then it 
would become a typical model of the new economic geography? 

F: You are perfectly correct. In fact, what we did in Fujita and Krugman (1995) 
“When is the economy monocentric: von Thunen and Chamberlin unified”, is ex- 
actly the unification of von Thunen’s two ideas in the original framework of the Iso- 
lated State in continuous space (albeit without previous knowledge of von Thunen’s 
work on agglomeration economies). 

I: Then why did von Thunen not develop such a unified model himself? Or, why 
did it take so long to take such a (seemingly) small step? 

F: To prepare my answer, let me use my favorite metaphor. That is, since the 
beginning of mankind, almost every person had an eager dream of flying. The basic 
mechanics of flying has also been rather well-understood a fairly long time ago. For 
example, if you see the drawings of “flying machines” by Leonardo da Vinci in the 
late fifteenth century, it is clear that he understood well the basic mechanics of fly- 
ing in the air. But it was not until 1903 that the Wright brothers actually succeeded in 
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flying more than 200 meters above the ground. Why did it take so long? Because, 
human power alone was not sufficient for flying in the air, and hence we had to wait 
for the invention of powerful combustion engines. 

Likewise, if we read the following sentences by von Thiinen (p. 295) about the 
impact of the development of transport development on the distribution of towns 
in the Isolated State, then we can see that von Thiinen had actually a good unified- 
model in mind: 

It is worth noting that railway construction will rob of all their force the arguments against the 
development of the capital, and will strengthen those in favour of such growth. Thus we may 
say with certainty that railways will make an important contribution to the development of the 
large towns, and that, but for the fact that railways will promote also the prosperity of the rural 
districts surrounding the provincial towns, the latter would decay in consequence. 

In fact, von Thiinen’s statement above coincides with one of the most important 
theoretical findings of the new economic geography: that is, (contrary to the intuitive 
belief of most people) the development of transport technology (at least in its initial 
phase) will strengthen the agglomeration of economic activities (operating under 
increasing returns) in the core region or in large cities. 

At the same time, as explained previously, von Thiinen understood clearly that 
the scale economies at individual firm-level are essential for industrial agglom- 
eration. But, as is well-known in modem economic theory, scale economies are 
inconsistent with perfect competition on which von Thiinen’s model of agricultural 
land use was based. Hence in order to develop a tmly unified model of the Iso- 
lated State, von Thiinen needed a non-competitive general equilibrium model of 
the Isolated State. If von Thiinen had invented such a model by himself, of course, 
he could have developed a tmly unified theory of the Isolated State. But this is like 
asking Leonard da Vinci to invent a combustion engine five hundred years ago. 
In fact, the first operational non-competitive general equilibrium model, called the 
monopolistic competition model, was invented by Dixit and Stiglitz only in 1977. 
This monopolistic competition model provided general location theory with a com- 
bustion engine, and the new economic geography represents the first prototype to 
actually succeed in “flying in the air”. 



4.3 Is the new economic geography too narrowly focused? 

I: Let me turn to another subject. As Paul mentioned previously, traditional eco- 
nomic geographers feel that the new economic geography ignores as much of the 
reality as old trade theory. Do you guys agree with that opinion? 

K: I understand their concern. It is tme that in all models presented in The Spatial 
Economy, centripetal forces arise solely from pecuniary externalities through link- 
age effects among consumers and industries, neglecting all other possible sources 
of agglomeration economies. But it was a deliberate choice. That is, such a narrow 
focus of the book was designed in order to establish a firm micro-foundation of 
geographical economics based on modem tools of economic theory. It does not 
mean that the new economic geography is limited to such a narrow range of models 
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Table 1. Forces affecting geographical concentration and dispersion 



Centripetal forces 


Centrifugal forces 


Linkages 


Immobile factors 


Thick markets 


Land rent / commuting 


Knowledge spillovers and other pure external 
economies 


Congestion and other pure diseconomies 



and issues. On the contrary, its framework is widely open to further development. 
To elaborate, let us see the following table (which is from The Spatial Economy). 

On the left, we show the Marshallian trinity of external economies, already 
described previously. On the right, we show a somewhat comparable trinity of 
forces opposing agglomeration. There can be little doubt not only that all of these 
forces operate in the real world, but that all have at least some bearing on almost any 
real-world issue in economic geography one might discuss. Yet that is, of course, 
not the way we have approached the subject. In economic modelling it is natural and 
generally appropriate for the theorist to simplify matters, to focus on only some of 
the possibilities. So in our modelling we have generally allowed only for linkages 
as a force for concentration, factor immobility as a force against. 

There are, of course, other possible choices. And some of them have recently 
been explored sporadically. Still, we believe that it would be useful to carry out a 
more systematic exploration of the implications of our menu, to inquire into the 
behaviour of models in which multiple centripetal and centrifugal forces are oper- 
ating, to ask how the predictions of those models depend on the relative importance 
of these forces. Only by carrying out such an exploration will we be in a position 
to interpret the results of the obvious next step: empirical research. 

I: Speaking of empirical research, Paul’s comment above somewhat explains the 
reason for the lack of this in The Spatial Economy. Why then did you not include 
policy analysis in the book? 

K: Indeed, so far we have made little effort to draw policy conclusions from the new 
economic geography literature. The main goal thus far has been to explain why. 

In principle, the sort of economy envisaged by the models in the new economic 
geography should be a prime target for government intervention. There is no pre- 
sumption there that the market will get it right. Moreover, the models suggest that 
under some circumstances, small policy interventions can have large and perhaps 
lasting effects. Finally, because cumulative processes of concentration tend to pro- 
duce winners and losers, perhaps at the level of nations, there is an obvious incentive 
for policy makers to try to ensure that their nation emerges as one of the winners. 

Nonetheless, those of us working on these models have been extremely cau- 
tious about drawing policy implications. Mainly this reflects a strong sense of how 
difficult it is to go from suggestive small models to empirically based models that 
can be used to evaluate specific policies. The long debate over the applicability of 
the theory of strategic trade policy, which eventually led mainly to an appreciation 
of just how hard it is to map reality into even sophisticated models of imperfect 
markets, is fresh in the minds of many of the relevant theorists. And new geogra- 
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phy models, in which the crucial effects are general equilibrium rather than merely 
partial equilibrium, are likely to be even harder to make operational. 

There also is, to be honest, concern (at least on my part) that some of the less 
pleasant aspects of the history of strategic trade policy will be repeated: the frantic 
efforts of interested parties to recruit reputable economists to endorse questionable 
interventionist policies. Admittedly, that temptation was admirably resisted by all 
the major players in the new trade theory, but it was not an experience one wants 
to encourage. 

But there also is a special consideration that makes policy conclusions difficult 
in the geographic literature. Consider Table 1 again, bearing in mind that in most 
cases all the entries will be relevant. What is immediately striking is that there are 
external effects on both sides. So there is a market failure case to be made both that 
any given agglomeration is too big (look at the congestion and pollution) and too 
small (think of the linkages and spillovers that would come with more activity). 
One may have opinions - 1 am quite sure in my gut, and even more so in my lungs, 
that Mexico City is too big - but gut feelings are not a sound basis for policy. 

One recommendation is safe, however. Because geography is such a crucial 
factor in development, and there are undoubtedly strong policy implications of 
some sort, it is an important subject for further research. 

I: Closely related - but not identical - to “policy implications” is the issue of 
optimality. One could argue that the consideration of efficiency and optimality 
conditions of a model, and the confrontation with equilibrium conditions, has the 
benefit of improving our understanding of the model’s properties, even disregarding 
questions of whether and how the findings should affect policy making in reality. 
It is difficult to imagine that, over the years, you have consistently resisted the 
temptation to explore optimality issues in the numerical - and analytical - models 
you have developed, if only for the reason I just mentioned. If I am right, can you 
indicate in broad terms what sort of tentative, qualitative conclusions you have 
reached in such exercises? What do they tell us about the properties of the new 
economic geography models? 

F: Indeed, we have always been concerned with optimality issues in that sense. 
Recall that in the case of the von Thiinen model of agricultural land use, for ex- 
ample, the competitive equilibrium (which consists of a concentric ring pattern) 
is efficient, and is indeed the same as the optimal plan. The same result, however, 
cannot be expected from monopolistic competition models in the new economic 
geography, in which several distortions and pecuniary externalities are at work. 
First, any market equilibrium cannot be the first-best because of non-marginal-cost 
pricing by monopolistic firms. Second, there is a question of the optimality of the 
number of monopolistic firms in the whole economy. Third, the optimality of the 
geographical distribution of firms and workers is in question. For the last two ques- 
tions, unfortunately, the answers depend largely on the specifics of models. For 
specific results on optimality issues, see Ottaviano and Thisse (2002) and Bald- 
win et al. (2003, Chapter 11) with core-periphery models, and Fujita and Thisse 
(2002, Chapter 10) with urban models. It is, however, too early to derive general 
conclusions on optimality issues from such specific models which are designed 
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largely for analytical tractability. The systematic investigation of efficiency, equity 
and optimal agglomeration is another important subject for further research. 

I: Thus far, we have set forth our subject matter in detail, outlining its early stages, 
growth and development as well as some issues and challenges. All this in short, 
paves the way for the final phase of our discussion today. 



5 The future of the new economic geography 

I: You guys have suggested three important directions for future work: enlarging 
the theoretical menu, buttressing the approach with empirical work, and addressing 
the welfare and policy implications of the whole approach. 

K: Let me add one more. In connecting these three lines of work, quantified mod- 
els can play an important role. By quantified model we do not exactly mean a 
model fitted to actual data; rather, we mean a theoretically consistent model whose 
parameters are based on some mix of data and assumptions, so that realistic sim- 
ulation exercises can be carried out. In certain fields of economics, notably public 
finance and international trade, such models have been playing an important role 
as analytical tools. 

We should be able to carry out a similar exercise for economic geography - 
to develop, if you like, computable geographical equilibrium models. Due to the 
highly nonlinear nature of geographical phenomena, such modelling is not easy. 
Probably it will be necessary to introduce some new technical tricks to make the 
models consistent with the data. The payoff to such modelling would, however, be 
a major step toward making theoretical economic geography an actual predictive 
discipline, able to evaluate the impact of hypothetical shocks - including policy 
changes - on the economy’s spatial structure. 

F: Speaking of quantified models, according to Paul Samuelson, von Thiinen “not 
only created marginalism and managerial economics, but also elaborated one of 
the first models of general equilibrium and did so in terms of realistic econometric 
parameters” (Samuelson 1983, p. 1468; emphasis by the original author). In fact, 
von Thiinen was satisfied with his abstract model of the Isolated State only after 
taking laborious investigations of costs and returns on his Tellow estate over ten 
years, and then confirming that the collected data fitted well into his model. No 
wonder Joseph Schumpeter (1954, p. 466) called von Thiinen “one of the patron 
saints of econometrics”. So we may consider von Thiinen also the pioneer of a 
computable geographical equilibrium model. 

I: Masa, you sound like a big fan of von Thiinen. 

F: Indeed, in September 2000, I flew all the way from Japan to Tellow (a small 
village in the north of Berlin, where von Thiinen wrote The Isolated State while 
engaging in ceaseless agricultural improvement on his land), and together with his 
great-great-granddaughter and her daughter, offered a wreath at von Thunen’s grave 
in commemoration of the 150th anniversary of his death. 

I: That’s a great story! Now I would like for you to both talk freely on your 
ideas/suggestions elaborating on one of the four directions for future work, keeping 
in mind the interested young readers who might work in this field in the future. 
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We may start by discussing Table 1 dealing with the possible theoretical menu 
to be pursued. 



5.1 Theoretical menu 

F: Even before considering other possible sources of centripetal forces, an obvious 
immediate necessity is to develop a more general theory of monopolistic competi- 
tion based on linkages through production and transactions of goods and services. 
So far, we have worked with specific functional forms on utility and production 
functions, transport technology and so on. The next step is to work with an al- 
ternative set of functional forms and technological assumptions, and investigate 
the robustness of the results. This is, in fact, being vigorously pursued in studies 
such as Ottaviano, Tabuchi and Thisse (2003), which deals with a “linear model” 
of core-periphery. We are then able to develop more complete characterisations 
of monopolistic competition models. Eventually, further advances in the new eco- 
nomic geography depend largely on the ability of the economics profession to 
develop a more general class of general equilibrium models involving imperfectly 
competitive markets in space. 

I: Concerning the second type of centripetal forces, namely thick markets Paul, 
you presented in Krugman (1991b, Appendix C) a simple model of labour market 
pooling. Empirical work such as Dumais, Ellison and Glaeser (1997) also suggests 
the importance of such a type of agglomeration forces. Can you suggest any further 
possible work on this line of research? 

F: Actually, the model of labour pooling in Krugman (1991b) has recently been 
extended by Stahl and Waltz (2001) and Gerlach, Rpnde and Stahl (2001). The 
former introduces sector- specific shocks as well as firm-specific shocks, together 
with moving costs of workers across sectors. The latter work introduces endogenous 
shocks resulting from risky investments by firms to increase their productivity. 

In these models of labour pooling, labour is assumed to be homogeneous. In 
contrast, heterogeneity of workers plays the central role in matching models, another 
class of thick labour-markets. When workers are heterogeneous in the type of work 
they are best-suited for whereas firms can differentiate their technologies in the 
skill-space, increasing the thickness of the labour distribution within the skill-space 
yields agglomeration economies through matching externalities. Such a model of 
labour matching was first highlighted by Helsley and Strange (1990), and extended 
later by Hamilton, Thisse and Zenou (2000). 

All these models of labour pooling and labour matching, however, are essentially 
aspatial, more in the tradition of urban economics. Embedding such models of thick 
markets into the present framework of the new economic geography would provide 
an interesting direction for future research. 

I: Turning to the third, knowledge spillovers and other pure external economies, 
this type of agglomeration forces has been most widely discussed by geographers, 
regional scientists, urban economists, and even by management scholars such as 
Porter (1998). Paul, why have you been rather shy on this topic? 
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K: I admit that I have been rather ascetic on this topic. I could have talked a lot and 
presented fuzzy models of knowledge/information spillovers, but I chose to be quiet. 
This is not because I do not agree with the potential importance of such agglom- 
eration forces, but because I could not find any solid micro-model of knowledge 
spillovers or communications. I chose instead to develop microeconomic founda- 
tions of the new economic geography based on linkage factors. I agree, however, 
that developing solid models of knowledge spillovers is of urgent necessity. 

F: I perfectly understand Paul’s attitude. There are many models of urban and in- 
dustrial agglomeration based on (pure or “Marshallian”) external economies, which 
are external to individual firms but internal to the industry (Fujita and Thisse 2002). 
The concept of external economies provides a convenient framework, for increasing 
returns at the industrial level are compatible with competitive equilibrium. Further- 
more, Abdel-Rahman and Fujita (1990) show that for descriptive analyses of urban 
aggregates (such as the equilibrium city size and the wage rate), external econ- 
omy models often yield the same results as (appropriately designed) monopolistic 
competition models a la Dixit and Stiglitz. 

However, such models have a number of disadvantages. In particular, the sources 
of external economies are vague, at best. When normative or policy questions 
are addressed, we need to know more precisely the nature of external economies. 
Furthermore, since the underlying mechanisms of external economies are not clear, 
their spatial extent can be specified only exogenously in an ad hoc manner. Even 
when the spatial process of external economies is well-specified, the essential details 
regarding the information/knowledge externalities are often missing. For example, 
in communication externality models of urban morphology (Fujita and Thisse 2002, 
Chapter 6), although the communication process is well specified, it is not clear 
what information is exchanged and how it is utilised by firms. 

Furthermore, the nature of information/knowledge externalities is essentially 
dynamic, and hence their full-fledged treatment requires a dynamic framework. 
Clearly, advancing the micro-foundations of knowledge diffusion and information 
externalities is a future research direction of major importance. 

I: Turning to the column of centrifugal forces in Table 1, do either of you have 
any additional comments? I do not see much conceptual difficulty in incorporating 
these centrifugal factors in the present framework of the new economic geography. 

F: Let me note just one point. There exist several models of the new economic 
geography which incorporate the land rent for urban housing (and possibly com- 
muting), such as Helpman (1998) and Tabuchi (1998). These two-region models 
show that when the transport costs of manufactures become sufficiently low, the 
industry disperses again to the periphery in order to avoid the high land rent in 
the core. However, given the discrete nature of space, it is difficult to distinguish 
whether such an industrial dispersion really represents an interregional dispersion 
or merely a suburbanisation within a metropolitan area. In order to investigate this 
question satisfactorily, we need to unify the new geography models and traditional 
urban models, and study both the development of cities (having spatial extent) and 
industrial agglomeration in the same continuous space. 
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5.2 Unifying urban economics and the new economic geography 

I: Although urban economics and the new economic geography are largely treated 
today as two distinct fields, they deal with essentially the same spatial phenomena. 
Don’t you think that finding ways to intertwine the two fields more closely would 
be beneficial? 

K: Certainly. Urban economics consider cities as “floating islands” while assigning 
big roles to developers and city governments. In contrast, new economic geography 
has been concerned with self-organisation in space while neglecting developers and 
governments. It seems the time is ripe for cross-fertilising the two fields. 

F: Indeed, some efforts have been undertaken along this line in recent years. For 
example, the introduction of Tiebout-type inter-jurisdictional competition (in tax- 
ation and the provision of local public goods) into core-periphery models has been 
achieved recently by several people such as Baldwin and Krugman (2000), Kind et 
al. (2000), and Anderson and Forslid (2003) (Baldwin et al. 2003, Chapters 15-16). 
The next step would be to graft various urban features (such as land and housing 
markets, commuting, transportation networks, and other urban infrastructure) onto 
geographical models with local governments. In modelling the competition among 
cities, however, we should note that most city-govemments/developers have, in 
practice, very limited powers and foresight in choosing their policies. Instead of 
fully-fledged Nash games, it may be more appropriate to use a certain kind of 
evolutionary game combined with an appropriate political process such as voting. 

Eventually, we must squarely face the concept of cities as a seedbed for the 
generation, diffusion and accumulation of knowledge, which is central for the phe- 
nomena of innovation and economic growth. 

I: Now seems to be the right time to discuss more generally about future research 
on interactions between agglomeration and knowledge externalities. 

5.3 Agglomeration, knowledge externalities and growth 

I: Masa, you mentioned just previously that a fully-fledged treatment of knowledge 
externalities requires a dynamic framework. Could you further elaborate on this? 

F: Think, for example, about the three of us meeting like this today. By chatting 
for over two hours, we have certainly learned a lot from each other, and generated 
(hopefully) many potential ideas for further development of the new economic 
geography. Suppose, however, we continue this discussion, say, over three days. 
Not long before the third day, we would have had almost nothing further to talk 
about on this topic. 

The upshot is that, in the short-run, the proximity of people is certainly helpful 
in the diffusion and generation of knowledge (in particular, through face-to-face 
communications). In the long-run however, agglomeration of the same group of 
people in proximity would make their knowledge converge, and hence diminish 
externalities. 

As emphasised by many scholars such as Marshall (1890), Jacobs (1969) and 
Lucas (1988), agglomeration of a large number of heterogeneous people (essen- 
tially, professional workers with heterogeneous skills/knowledge) in a city or in- 
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dustrial district can naturally be expected to contribute to the diffusion, genera- 
tion/innovation, and accumulation of knowledge, and hence to economic growth. 
This would certainly be true in the short-run. But this is not assured in the long-run 
unless there is a sufficient infusion of new blood. 

Hence, a fully-fledged treatment of knowledge externalities in cities/industrial 
districts would require a dynamic framework in which the movement/migration 
of people, in both the short and long-run, among different places, characterised 
by different knowledge-fields, plays an essential role. This also implies that the 
development of such a dynamic framework will greatly contribute to the further 
development of a new growth theory in space, in which heterogeneous knowl- 
edge fields in different cities/regions are endogenously generated and maintained 
through cyclical migration of knowledge workers. Therefore, as mentioned previ- 
ously, advancing the micro-foundations of knowledge externalities is critical for 
further development of the new economic geography. 

K: I definitely agree with Masa. There recently appeared several multiregional 
growth models such as Martin and Ottaviano (1999), Baldwin et al. (2001) and 
Fujita and Thisse (2002, Chapter 11) in which a core-periphery model is grafted 
onto a Grossman-Helpman-Romer-type model of endogenous growth. Although the 
concept of knowledge externalities play a crucial role in such models, its micro- 
foundations are rather weak, leaving plenty of room for further development. 

I: Speaking of the endogenous formation of knowledge fields, such a concept is 
closely related with those of social norms and culture. All these concepts are re- 
cently very fashionable in geography, regional science as well as in economics. 
For example, Paul, in your article, “For Richer”, in The New York Times Maga- 
zine (October 20, 2002), you repeatedly mentioned about changing social norms 
and culture in connection with the growing income divergence in the US. Unfortu- 
nately, however, I am unaware of any formal model that can explain the formation 
and evolution of different social norms and culture in different places. Don’t you 
think it would be important to develop such formal models in the spatial context? 

K: Of course, I agree with you. But, . . . 

I: Hey Paul! Why are standing up? Where are you going? 

K: Talking under the Caribbean sun for over two hours has literally fuelled my now 
burning desire to jump into that ocean. 

F: Yeah, all I can think of now is to savour this Caribbean moment with a quick dip 
and a large beer under the cool shade. 

K and F (in unison): Hasta la vista! 

Sounds of two big splashes 

I: Well, I guess it’s futile to get the final word on this particular aspect from these 
two guys. Suffice it to say that the role of social norms and culture is fertile ground 
for future research. Under less alluring circumstances, I would have had greater 
success in persuading them to give their pennies worth on the topic, but at the 
moment, I simply don’t have a chance against the beckoning Caribbean sea. 

Hey, Paul, Masa! Wait for me! 

Another big splash is heard, followed by hearty laughter 
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Abstract. We consider the parallel developments in the economics of agglomer- 
ation and the economics of networks. We explore the complementarities between 
the productivity benefits of agglomeration and those of network linkages, arguing 
that networks of actors dispersed over space may substitute for agglomerations of 
actors at a single point. 
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1 Introduction 

The modem analysis of economic relationships in urban space emphasises the 
importance of agglomeration. Of course the concept of agglomeration is itself not 
new. Informal discussions of “external economies of scale” can be traced back as far 
as Marshall (1890), and the concept figures prominently in textbooks written more 
than fifty years ago (e.g.. Hoover 1948). The novelty of the external economy lies 
in our newly acquired ability to model it precisely. This owes much to the insight 
of Fujita (1988) who demonstrated how the monopolistic competition model of 
Chamberlin (1933) could be adapted to generate spatial agglomeration of economic 
activities. These models made it clear that standard market processes based on price 
interaction alone could generate increasing returns, the “external economies” of 
agglomeration. The economic advantages of proximity are now quite explicit. 

The concept of networks in space has undergone a parallel treatment, as mod- 
em methods have made the efficiency gains from networks quite explicit. At first 
glance, it would seem that network developments are unrelated to agglomeration. 
After all, agglomeration describes a point while networks consist of nodes, and 
links connecting these nodes, in order to facilitate transactions among agents. Yet 
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these latter connections may lead to precisely the same external benefits that arise 
from agglomeration, and for precisely the same reasons. Indeed, networks among 
economic actors dispersed over space may act as a substitute for agglomerations of 
actors at a single point, providing some or all of the utility gains and productivity 
increases derived from agglomeration. 

This essay hints at the complementarities between agglomerations and networks 
in providing benefits to market participants - benefits that arise from standard 
market processes, but which are external to individual participants. Insights about 
networks first arose from considerations of the nature of the firm and its natural 
boundaries. At about the same time, insights about agglomeration first arose from 
considerations of the spatial linkages among those boundaries. In the spatial context, 
networks play a role in facilitating exchange both within and between regional 
agglomerations. One issue is how this role differs in intraregional and interregional 
contexts. Another issue is the distinction between the tangible physical networks 
and the intangible “economic networks” that include transaction agreements and 
routinised arrangements (Williamson 1975). 

Our perspective on networks and agglomeration stresses distinctions between 
public goods and private capital, and among institutional forms. We suggest that the 
formation and efficiency of agglomeration arise from its character as public capital; 
households and firms in the same agglomeration share its benefits in common. In 
contrast, an economic network is private capital shared primarily by the network 
participants. Agglomerations also rely on public institutions, which aggregate in- 
dividual decisions. In contrast, economic networks arise from a collective decision 
by group members, generating a private institution. Networks are clubs in which 
exclusion is possible and price discrimination is the norm. Agglomerations cannot 
exclude economic actors from receiving benefits nor can they price these benefits 
efficiently. 



2 A partial history 

2.1 Agglomeration and markets 

During the decade after World War I, a consortium of economists at Columbia 
led by Robert Murray Haig (1926) reported the first extensive analysis of the co- 
location of firms and industries in New York. They considered, for example, the 
garment industry. The pattern of interfirm contact among designers, fabricators 
and marketers destined the industry to remain spatially concentrated, according to 
the authors, so as to rely upon face-to-face, local contact. When the researchers 
considered other industries (e.g., cooperage), they concluded that standardisation 
enabled firms to be widely dispersed throughout the metropolitan region. Presum- 
ably, a modem interpretation would highlight the fact that transaction costs between 
agents were sufficiently low for these standardised products, so that proximity and 
local networks of buyers and sellers offered little advantage over anonymous market 
transactions in space. In contrast, the complex interactions in the un-standardised 
fashion industry are more efficiently accomplished through local networks. 
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Three decades later a second burst of empirical analyses of large cities - New 
York again, but also London and Stockholm - extended these primitive insights. In 
New York in the 1950s, a group of Harvard economists sought to project economic 
and demographic conditions three decades into the future, and this practical objec- 
tive provided academic researchers with a golden opportunity for intensive study of 
the fundamental factors affecting the development of industry and the location of 
economic activity. A central finding of this large-scale study was the importance of 
“external economies of scale”, that is, the cost advantages some firms can achieve 
when they operate in the context of a larger local economy. The summary volume 
of these studies by Raymond Vernon (1962) includes a chapter devoted to the “rise 
and spread of external economies” and to the impact of these externalities on firm 
location and the well being of central cities. Simultaneously, empirical studies of 
the Stockholm economy emphasised the economies achieved by firms in the loca- 
tion of their activities in proximity to the sites chosen by suppliers of inputs and 
purchasers of output. Significantly, these studies also emphasised the economic 
returns to the co-location of retail establishments, producer and consumer services, 
in cities (Artie 1959). 

The current emphasis on externalities and the growth of urban areas can, to a 
certain extent, be traced to the stylised facts about Stockholm, London and New York 
uncovered in the late 1950s. These developments emphasised the intra-metropolitan 
location patterns of activity, the intensity of use, and the contribution of these factors 
to the growth of cities and metropolitan regions. 

For example. Made in New York, a compendium of descriptive case studies of 
manufacturing in New York, includes the following passage (Hall 1959): 

Rubbing elbows with others of their kind and with ancillary firms that exist to serve them, 
[firms] satisfy their variable wants by drawing upon common pools of space, labor, materials, 
and services. In more concise language, they can take advantage of external economies. 

The economies are external in the sense that the firm obtains them from outsiders, and they 
are economies in the sense that the firm can satisfy its variable or part-time needs in this manner 
more cheaply than it could satisfy them from within. The outsider, in turn, can afford to cater 
to the firm’s fractional needs because he also caters to many other firms. The external economy 
may derive from an electrician or a sewing machine repairman or a free-lance photographer, 
responding to the call of a firm, which does not need him full-time. ... It may even grow out 
of a revolving supply of specialized labor, such as garment workers accustomed to seasonal 
cycles, printers, staff writers, editors, or electronic engineers. Such a supply enables a firm to 
pick up employees quickly and let them go with equal suddenness, and makes it unnecessary 
to maintain a stable force of workers for an unstable demand. 

Thus, it is obvious that external economies reduce the cost of doing business just as labor 
and transport [savings] do. Indeed, there is no real line of demarcation. 

This description seems surprisingly similar to recent economic models in which 
the production of individual firms is competitive, with constant returns to scale, but 
there are socially increasing returns as aggregate production rises. In the world of 
these recent models, investment in real capital can have social benefits not reaped 
by private investors. The private investors are guided only by profitability, but the 
economy of the urban area is more productive due to the external effects arising 
from the location of investment. 

The original applications of the modem endogenous growth models emphasised 
the “stock of accumulated knowledge”. Ideas can clearly benefit others as much or 
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even more than they benefit the inventor of the idea. Knowledge or human capital 
may be the most important example of the application of the theory of endogenous 
growth. The real capital stock in cities nevertheless has other important attributes 
that affect the growth of the economy in analogous ways - most especially their 
capacity for differentiation and diversity. 

As noted above, the standardisation of barrel manufacturing in the 1920s was 
associated with its decentralisation to outlying parts of the metropolitan area. A cen- 
tral conclusion of the Hall (1959) volume, published almost 40 years later, detailing 
trends in the apparel, publishing, and electronics industries was the following: 

The chief common denominator in these manufacturing operations that were attracted more 
strongly to other places than to the [New York] region appears to be standardization. The rest 
of the country gained relative to New York in products whose specifications could be planned 
in advance with reasonable assurance. Large numbers of identical copies - house dresses, 
magazines, radio sets - could be poured out of the plants without making any changes in the 
design ... But the fact remains that the manufacture of standardized products ... has shown 
pervasive tendencies ... to prefer locations far from New York. 

Of course this statement referred only to a single metropolitan region and only 
to a small number of industries studied intensely. But within these limits, the ev- 
idence showed that firms producing non-standardised differentiated output were 
more strongly attracted to the urban core than those firms producing homogeneous 
products. 

Empirical interpretations of agglomeration economies, including the studies 
mentioned above, are often incapable of distinguishing between different mecha- 
nisms or sources of the agglomeration benefits described. There are at least three 
basic cases to be distinguished - although they may be interconnected in many 
concrete situations. In the first place, an entire industry may benefit from agglom- 
eration, since the size of the agglomeration provides sufficient demand to allow 
individual firms with internal scale economies to develop differentiated products. 
Second, an individual firm may benefit from the option to buy more specialised 
inputs at lower transactions costs from differentiated input suppliers within the re- 
gion. Third, an individual firm may benefit from information spillovers outside the 
market that arise from proximity within an agglomeration. 

The economic consequences in the first two cases are generated through the 
market. The cases are symmetrical in the sense that benefits (or externalities) are 
generated simultaneously on the supply and demand side. In the third case, the 
productivity of an individual firm or of the entire region increases without affecting 
the availability of inputs or outputs within the region. 



2.2 Networks and markets 

More than sixty years ago - shortly after the influential work of Haig and his 
associates analysing spatial location in New York - Ronald Coase ( 1 937) suggested 
a set of criteria to indicate when it is efficient to decompose an organisation into 
subunits that may interact through a market instead of interacting as part of the same 
entity. Coase’s insight did not involve space, but it helped explain why organisations 
under specified conditions develop as distinct firms, and why firms so integrated can 




Agglomeration and networks in spatial economies 



169 



perform more efficiently than subunits that interact through a market. The modem 
answer is that when interaction via the market makes transaction costs “too large”, 
it becomes advantageous to organise interactions as processes taking place inside 
the firm. 

To reach this modem formulation, economics had to pass through its 
“transaction-costs revolution” in the 1970s, with contributions by Alcian and Dem- 
setz (1972) and Williamson (1979). One implication of this new approach to the 
analysis of market formation is a distinction among types of products: for some 
products, transaction costs may be inherently high, while for others these costs may 
be negligible. An obvious question arises: how will the transaction arrangements 
vary across products for which transaction costs are high and those for which trans- 
action costs are low? A systematic answer to this question brings us to the analysis 
of transaction networks. 

The costs of economic transactions may be categorised as those of exclusion 
and those of interaction. The latter may be related to describing, inspecting and 
measuring the object of the interaction. Other aspects of a transaction that affect 
costs include search, negotiation, contract formulation, legal advice, and documen- 
tation. It is evident that if the same pair - a buyer and a seller - is involved in similar 
transactions regularly and frequently, the pair will have an incentive to organise the 
transaction procedures and processes so that costs are reduced. They may routinise 
this interaction, thus forming a transaction link between them. The buyer and seller 
represent nodes connected by a specified linkage. This, of course, reflects Coase’s 
insight about the nature of the firm. 

When a firm is established - with Coasean motivation - the action is nothing 
but the formation of a network internal to the organisation for interaction among a 
set of interdependent subunits. The internal network is one extreme solution to the 
exchange problem. The other extreme solution is the pure market interaction with 
no transaction links. The latter has two components of infrastructure: a system of 
prices and a system of information dissemination about available options and their 
associated prices. In between these two solutions - intrafirm and the anonymous 
market - one can find agreements and established transaction links between and 
among actors. These nodes and links may form networks that reduce transaction 
costs. Their continued existence may reflect lumpy investments in transaction links. 
Outside any network, buyers and sellers can find each other at low transaction costs 
in “proximity markets”, i.e., markets where the distances, perhaps spatial, between 
buyers and sellers are short. Such markets can be found in urban regions, and they 
become more ubiquitous as the urban size increases. This is a consequence of the 
structure of space, and it represents one aspect of the spatial externality described 
in the agglomeration literature. 

From the transaction costs perspective, the nature of a transaction link or a more 
complex economic network is an empirical issue. In general, an economic network 
is an organisation of interlinked agents combining some features of a firm and of the 
pure market. It internalises some interaction costs and includes, at least implicitly, 
contingency agreements of the kind we find in market contracts. The incentive to 
form such economic networks stems from possibility to reduce transaction costs. 
When transaction costs are distance dependent, transaction links have the potential 
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of overcoming distance. At the same time, there are costs of establishing a network, 
and these transaction costs may be lower inside an agglomeration. 



3 Some theory 

3.1 Agglomeration theory 

The heavily empirical research sketched out above emphasises diversity and het- 
erogeneity. The heterogeneity of products and the diversity of consumers lead to 
increases in well being. Interesting and powerful economic models of diversity and 
heterogeneity have been around for about fifteen years and are still under develop- 
ment. These models are based upon the Chamberlinian perspective on competition 
and product diversity developed by Dixit and Stiglitz (1977), and first applied to 
space by Fujita (1988). This influential work considered explicitly the trade-off 
between the output of goods and their variety. 

Consider consumers: household well being depends on consumption of traded 
goods, housing, and a variety of local goods. The markets for traded goods and 
housing are competitive, while the differentiated local goods are sold in a monopo- 
listically competitive market. If there is less differentiation among local goods, then 
variety is less important in household well being; greater differentiation means that 
variety improves consumer utility. Under reasonable conditions, the well being of 
a household in the city will be positively related to the aggregate quantity of local 
goods it consumes and to the number of types of these goods, which are available 
in the economy. 

Consider producers: the importance of a variety of locally produced inputs 
operates in a parallel fashion. Suppose that the output depends on labour, space, and 
a set of specialised inputs. Again, the markets for labour and space are competitive, 
while the differentiated local inputs are purchased in a monopolistically competitive 
market. If there is less differentiation among inputs, then variety loses its impact on 
output; greater differentiation means that variety has a greater effect on output. For 
example, the general counsel of a firm may operate alone. However, she may be 
more productive if assisted by a general practice law firm, and even better served 
by firms specialising in contracts, regulation and mergers. Again, under reasonable 
conditions, output in the city will be related to quantities of labour, space, and also 
to the number of different producer inputs available in that city. 

This analysis yields a remarkable conclusion: diversity and variety in consumer 
goods or in producer inputs can yield external scale economies, even though all in- 
dividual competitors and firms earn normal profits. The intuition works in this way: 
The size of the city and its labour force will determine the number of specialised 
local consumer goods and the number of specialised producer inputs, given the 
degree of substitutability among the specialised local goods in consumption and 
among specialised inputs in production. A larger city will have a greater variety of 
consumer products and producer inputs. Since the greater variety adds to consumer 
well being, it follows that larger cities are more productive, and the well being of 
those living in cities increases with their size. This is true even when all firms in 
these cities earn a normal rate of profit. 
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The theoretical perspective outlined above includes two principal models. The 
first, and most highly developed, is the core of urbanisation economies. In demand, 
it emphasises diversity and consumers’ taste for variety; in supply, it emphasises 
the productivity of specialised inputs in production. The second model is derived 
from quite another perspective, distinct from models that emphasise diversity. In 
this latter framework the focus is on firms or producers, and how their efficiency 
is enhanced by proximity and linkages achieved through agglomeration. At the 
firm level, the perspective is shifted from input diversity to forward and backward 
linkages among agents. These linkages may be of a pure-market type or may in- 
volve transaction links. These models inspired by Marshall are indeed models of 
agglomeration. However, these agglomerations representing linkages among firms 
may provide gains to smaller regions, as well as large urban areas. They can be 
termed localisation economies as accurately as urbanisation economies. 

If we consider externalities arising from these linkages, two cases can be dis- 
tinguished: input-cost externalities and delivery-cost externalities. Both cases em- 
phasise the consequences of proximity for transaction costs. A typical backward- 
linkage or input-cost externality arises from a firm’s spatial location relative to 
input suppliers, providing inputs with lower transaction costs and potentially at 
lower prices. The same argument applies to the supply of labour inputs to the firm. 
The essence is that input supply at short distances reduces total costs of producers, 
and these linkages form an agglomeration. Producers can be better off locating 
where input suppliers are clustered. 

Proximity advantages apply also to forward linkages. With proximity, transac- 
tion or delivery costs can be lower inside an agglomeration than they are when the 
product is delivered to buyers outside the region. Again, firms have an incentive to 
locate in an agglomeration where the demand from input-buying firms is large, and 
this reinforces the tendencies towards agglomeration. 

In summary, within a market, agglomeration provides two sources of efficiency 
gains. In the first place, a diverse set of products is only exchanged inside the ag- 
glomeration, i.e., products whose transaction costs increase strongly with distance. 
Distance-sensitive transaction costs imply that diversity is fostered in agglomer- 
ations. In the second place, transaction and transportation costs are lower with 
proximity. Firms with forward and backward transactions and transportation cost 
advantages have incentives to co-locate and to form an agglomeration. 



3.2 Network theory 

The agglomeration economies described above emphasise the Chamberlinian 
model of monopolistic competition in which diversity plays a central role. The 
size of a market (or city) determines the diversity of inputs available to firms and 
the variety of consumer products offered to households. In this framework the 
externality operates through well-defined anonymous market interactions. 

A more comprehensive set of external economies, following Marshall, includes 
both pecuniary, market based and non-market based externalities. Spillovers, a 
prominent example of the latter, may not be reflected in market prices. Are networks 
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and transactions links un-priced spillovers, inefficiently supplied in the market? Not 
at all. 

The key to pricing is the transaction costs associated with establishing specific 
links. Absent transaction costs, Radnor’s (1968) results are transparent. A competi- 
tive equilibrium with complete contracts exists for a network economy. This result 
provides the framework for pricing link-specific transaction costs in a network equi- 
librium (Nagumey 1999). More complex and problematic network pricing issues 
arise when links involve set-up costs incurred by transacting parties. In this case, 
markets may remain incomplete and efficient prices need not be linear. 

The prevalence of fixed costs for transaction links has consequences for dynamic 
adjustments in the market. Transaction patterns may change slowly, or they may 
even appear rigid; this provides a motivation for interregional input-output models 
of trade (Isard 1956). Of course, input-output coefficients and interregional trade 
coefficients are analytically meaningful only when they are fixed or when they 
change according to some systematic evolution. Thus, the path dependencies of 
trade patterns and regional coefficients (Sonis and Hewings 1998) may reflect the 
structure of transaction costs. 

What properties make the links of a network different from the market interac- 
tion? Link transactions often involve firms both as seller and buyer, making repeated 
and similar transactions. Importantly, transaction link partners are identifiable and 
distinct. The interaction is not anonymous, and the agents can take prior interac- 
tions into account in each new transaction. Anonymity provides less information. 
Moreover, for a network, the institutional capital is private, distributed among the 
participants, each of whom may have made specific investments. The existence of 
this capital has consequences: once the participants have invested in a network, 
future interactions are affected by the sunk cost. However, before capital has been 
committed, the decision to form a link will take capital costs into consideration. 
Following Williamson, the profitability of a linkage is more likely if it is expected 
to be used during a longer time period, or more intensively. 

Often the relevant transactions are repetitive variants on a specific kind of in- 
teraction. Typical examples are modern production systems organised as supply 
chains, product assembly with a network for timing and delivery of components, 
wholesale producers who have links to firms supplying products, and to retailers 
who are distributors of the final product. 

Arrangements like these not only facilitate transactions across regional bound- 
aries, but they also make it possible for firms to make location decisions that re- 
flect advantages - sometimes dispersion in space, sometimes co-location (Polenske 
2002 ). 

The formalisation of network problems in spatial economics took two basic 
forms during the 1950s. One is derived from the regional and interregional input- 
output framework, which has the character of a pure network model in which 
everything - including the structure of prices - is determined by fixed delivery 
coefficients. But empirical applications of the interregional model have awkward 
interpretation. In principle, regions specialise in certain types of products and export 
excess supply to other regions. However, observations on trade flows invariably 
indicate that cross-hauling of the same products is the rule rather than an exception. 
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When the input-output model is applied in the study of international trade, the results 
are invariably similar. Products, even when finely described, are recorded as two- 
way flows between nations at the same level of development. This embarrassment 
gave rise to the so-called Armington assumption - a product is always differentiated 
from similar products by its origin. A similar product produced in and supplied in 
two different regions cannot be identical (Armington 1969). 

The second network model that was formalised early is the spatial price equi- 
librium model (Samuelson 1952). For each product in this model, there is a set of 
supply regions and a second set of demand regions. The regions (agglomerations) 
are nodes in a trade network. Associated with each trade link connecting two nodes 
is a product-specific transaction cost. In equilibrium, a product flows only one way 
on any trade link. As noted above, this contradicts existing empirical observation 
that two-way flows are a generic phenomenon. But there is an alternative, modem 
solution - the Dixit-Stiglitz model of monopolistic competition with differentiated 
products developed in an international trade context by Kmgman (1979). With this 
formulation, two trading regions will quite naturally exchange similar but differen- 
tiated products. Note the completely parallel way that network and agglomeration 
models have developed a common platform. 

Intellectually, the gulf between international economics and urban and regional 
economics has, until recently, been large. The new ideas needed a decade or more 
to become intertwined. In retrospect, of course, these things are clear. Interregional 
and international trade flows are artefacts of an accounting system for flows. The 
statistical records of flows represent trade between firms located in different ag- 
glomerations or between different establishments of a multi-location firm. These 
flows arise from long distance deliveries that, to a large extent, are organised in net- 
works. A part of these trade flows reflects standardised and homogenous products, 
such as basic foodstuffs, chemicals, oil, and electricity, which are traded anony- 
mously. But these types of products do not dominate the value of interregional and 
global trade. Paradoxically, international trade is characterised by differentiation, 
which reveals a taste for variety. 

We thus observe large agglomerations of diversified economies trading with 
other diversified urban agglomerations. This suggests two things. First, urban ag- 
glomerations with all their diversity still remain specialised vis-a-vis each other. 
Second, two-way flows of diversified products between urban regions provide even 
greater benefits to consumers and producers in urban regions. In this sense, the 
demand for differentiated products shows no sign of saturation. Trade development 
inside the European Union confirms these trends: intra-industry trade of diversi- 
fied products continues to expand, even across large agglomerations (Balassa and 
Bauwens 1988; CEC 1996). 

The story could end here. We have seen that agglomeration economies and 
network economies are two different, complementary ways of solving problems of 
market exchange. There is a clear relationship between the alternates, and diversity 
plays a key role. There is, however, another relationship between agglomeration and 
networks, focusing on the role of spillovers or communication externalities. Again, 
there are two basic approaches to these externalities, the pure market agglomeration 
and the pure network solution. 
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In the course of ordinary transactions between firms, information about tech- 
nical solutions and product attributes can spill over between them. The firms learn 
from each other. The very fact of existing private information, which can diffuse 
among firms, is in sharp contrast to a model where all relevant information is al- 
ready available. The diffusion mechanism is related to proximity. This implies that 
firms can benefit by clustering together in an agglomeration or an industrial dis- 
trict. Empirical testing and verification often focuses on innovations - development 
activities as distinct from production activities. This is again different from the mo- 
nopolistic competition model discussed earlier, in which new product varieties are 
available without cost. 

Information and knowledge diffuse quite easily among firms belonging to the 
same transaction network. In this case the spillover may be a by-product of trans- 
actions between firms in a network. As a consequence, a link or a network can 
function as a substitute for proximity in the process of knowledge diffusion. More- 
over, networks can be designed to include spillover mechanisms. Thus, network 
links between firms can develop inside an agglomeration, and the existing liter- 
ature offers one model depicting explicit linkages between firms in the form of 
so-called industrial complexes, and another model that focus on social networks 
related to firms in an agglomerations (Gordon and McCann 2002). 

Two hypotheses are associated with the knowledge-spillover model (Baptista 
1998; Glaeser et al. 1992). The first is the so-called Marshall- Arrow-Romer propo- 
sition that knowledge diffuses between firms within the same industry. Hence, 
this mechanism can operate in smaller agglomerations. The alternative hypothesis 
presumes that innovation is especially stimulated by spillovers across industries 
(Jacobs 1969). In this latter case, large urban regions are not only more efficient 
than smaller regions, they have an advantage in innovation, and their economies 
can thus grow faster. 

The analysis of spillovers due to proximity and spillovers in networks suggests 
that agglomerations will have a more rapid development of technology, and hence 
faster productivity growth. But the case is unproved. It may be true that innovations 
occur more frequently in regions allowing spillovers, but the value of an innovation 
is reduced when knowledge diffuses quickly to other firms. The current literature on 
innovation and growth in agglomerations and networks thus presents an unfinished 
and inconsistent picture. 



4 Integration and communalities 

How can the benefits of agglomeration be achieved? If economic actors are suf- 
ficiently close in space, the anonymous market may achieve everything: shared 
inputs purchased on a market; retail firms separately owned, but located together 
to reduce shopping costs and to increase variety; efficient forward and backward 
linkages among firms. At a single point, there is of course no distinction between a 
network relationship and an anonymous market relationship. All actors can make 
economic decisions with full information about alternatives, and nodes are simply 
co-located without linkages between them. 
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But suppose this spatial proximity cannot be achieved for economic, political 
or technical reasons. Can any of the external benefits be realised anyway? The 
answer, of course, is that for many transactions, an established network reduces 
the effective distance between nodes, reducing the transaction (or transport) costs 
that would otherwise be prohibitive. When co-location is infeasible, networks may 
substitute for agglomeration. 

This possibility of substitution means that small regions may survive and prosper 
- to the extent that networks can substitute for geographically proximate linkages, 
for local diversity in production and consumption, and for the spillouts of knowledge 
in dense regions. 

The technical developments, which have facilitated networks, are quite impres- 
sive and clear examples of these substitution possibilities abound. Consider the 
diversity in consumption. In the recent past, outside of francophone countries it 
required a city of reasonably large size to offer a decent selection of French films. 
Now the universe of French language films is only a keystroke away from any 
isolated consumer - as are out-of-print books, Jamon Iberico, and participation in 
competitive chess tournaments. Many of the historical advantages in consumption 
arising from the specialisation afforded by dense agglomerations, can be achieved 
by networks in smaller urban regions or even rural areas. 

Technical advance has meant that transaction conditions have improved over 
time, and this means that market agents can increasingly substitute agglomeration 
proximity for network contacts and vice versa. Improvements in technology alter the 
trade-off between agglomeration and network solutions, and current cost conditions 
provide a stimulus for efforts to develop new routines. 

How does this substitution function? Technology permits goods and services to 
become standardised. Standardisation of complex commodities makes it possible 
to rely upon network solutions to achieve diversity in consumption and production. 

The potential for substitution between dense agglomeration and network solu- 
tions in facilitating diversity is apparent beyond consumption activities. Analogies 
in the diversity of producer inputs, in linkages among producers and suppliers, 
and in knowledge spillouts are ubiquitous. Consider knowledge spillouts and ex- 
ternalities, for example. The fiftieth North American regional science conference 
and the Regional Science Association International (RSAI) being celebrated in 
Philadelphia in 2003 is a concrete example of the scope for substituting networks 
for physical agglomeration in diffusing useful knowledge. All the articles in this 
volume have been produced through collaboration, mostly intercontinental, using 
informal networks and routinised interactions fostered by modem technology. The 
RSAI, the club facilitating this exchange, is a network, which reduces the transac- 
tion and transport costs of producing knowledge. Information generated in networks 
of collaborators is diffused in face-to-face meetings, and the spillouts from these 
activities are inputs into further collaborations using network technology. 

The emergence of agglomerative economies and the spread of these external 
economies by networks is the hallmark of regional development in the twenty-first 
century. 
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Abstract. In this article we discuss the relationships between transportation in- 
frastructure, firm location, agglomeration and regional development. We will argue 
that the spatial transaction costs faced by modem firms have changed over recent 
decades, and that this has changed the ways in which transportation infrastmc- 
ture contributes to form location behaviour and regional economic development. 
Therefore, in order to analyse these issues, it is necessary to consider the spa- 
tial transaction costs faced by modem firms and to investigate the conditions un- 
der which reductions in these costs due to infrastmcture improvements will allow 
firms to move. These complex relationships are seen to be mediated via different 
geography-firm-organisation stmctures and consideration of these is essential for 
any realistic evaluation of the role of transportation infrastmcture. 

JEL classification: D21, D23, LI, R12, R3 

Key words: Location theory, agglomeration, infrastmcture, transaction costs 



1 Introduction 

Regional science is concerned with the analysis of urban and regional phenom- 
ena. Its aim is to better understand the stmcture and function of cities and regions 
while taking into account the multifaceted dimensions of these phenomena, be they 
economic, social, political, or environmental. A better understanding of the ways 
cities and regions work and function can contribute to better policy-making, thus 
improving the quality of life and standard of living of the urban and regional in- 
habitants. Regional science has benefited significantly from the various analytical 
breakthroughs within the fields of economic growth, trade and economic geogra- 
phy, which have forced analysts to reconsider how these various phenomena are 
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related. The work of Krugman (1991) has led to the development of the new eco- 
nomic geography literature, which argues that the uneven distribution of industrial 
activities across space is a natural result of market processes under conditions of 
agglomeration economies. Meanwhile, the work of Porter (1990) has promoted the 
importance of industrial “clusters” in generating competitive advantage for firms 
and regions. The primary lessons from these two literatures are that geography re- 
ally does matter in determining economic growth and performance. Yet, the actual 
ways in which geography determines economic growth and development are highly 
complex. 

In this article we will discuss one particular set of problems; namely, what role 
does infrastructure play in the processes of regional development? We will critically 
review and analyse the relationships between infrastructure investment and regional 
development, and an emphasis will be put here on the role played by transporta- 
tion infrastructure investment in this process. As we will see, the characteristics of 
infrastructure make its analysis and evaluation extremely difficult. A realistic anal- 
ysis requires a consideration of the nature of, and changes in, spatial transaction 
costs, as well as firm behaviour and organisational arrangements. In order to help 
our understanding of these issues, we will adopt a transaction costs perspective, 
and this will demonstrate that no single evaluation method is appropriate for all 
infrastructure under all conditions. Careful interpretation is required. 

The article is organised as follows. In the next section we review the character- 
istics of all infrastructure and then in Sect. 3 we relate these characteristics to the 
evaluation of transportation infrastructure. As we will see in Sect. 4, much evidence 
suggests that the nature of spatial transaction costs has changed significantly over 
recent decades, and in Sect. 5 we discuss the implications of these changes for how 
we are to value the role transportation infrastructure. As will be seen in Sect. 6, if 
we adopt a transaction-costs perspective, the links between transportation infras- 
tructure and regional development depend to a large extent on how we characterise 
the nature of inter-firm linkages. In Sect. 7 we discuss extensions and exceptions 
to many of the common assumptions underlying these issues. 



2 The characteristics of infrastructure 

The role of public infrastructure in regional development is a highly complex issue 
involving aspects of public-good provision, the generation of externalities, political 
decision-making, and long time-periods. 

Public capital infrastructure can play an important complementary role in the 
productivity of the regional private sector (Lynde and Richmond 1992). This is 
because infrastructure exhibits many of the characteristics of a local public good 
in that the services of most publicly owned capital are freely distributed to private 
producers. Therefore, since the marginal product of these services is normally 
positive, they should be considered an integral component of the aggregate regional 
production function (Lynde and Richmond 1992; Gramlich 1994). Evidence from 
the US suggests that the heavy infrastructure investment in the United States during 
the 1950s and 1960s was a key, and previously underrated, factor in the strong 
economic performance of that period (Aschauer 1989, 1990). 
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Externalities are a common feature of infrastructure, and there are several as- 
pects to this. Firstly, individuals may indirectly benefit from regional infrastructure 
without necessarily using it themselves. Although the initial benefactors of the in- 
frastructure are the direct users, the beneficial aspects of this usage either lowers 
the costs of the provision of a good or service or increases the demands for these 
outputs. These direct user impacts are transferred to non-users, and this occurs 
when increases in the profits generated by the local users of the infrastructure are 
ploughed back into the local economy. In these circumstances, the income of the 
non-users of the infrastructure may increase due to increases in local demand on 
the part of the infrastructure users. These benefits result in direct and indirect im- 
pacts on local output, employment and income in the economy and are generally 
capitalised into increased land values for both infrastructure users and non-users. 

Similarly, while new regional infrastructure may encourage development in 
under-developed regions, its construction alone will not be enough to bring about 
any desired economic changes. Other factors, such as the economic climate in the 
region and the prices of input factors of production tend to determine the economic 
viability of a region, far more than its basic endowed infrastructure (Vickerman 
1991). Yet, regional infrastructure can play an important ancillary role in facilitating 
such changes in local economic conditions, and the crucial link here, is between the 
local existence of the infrastructure and the generation of local positive externalities. 
In many situations, the provision of regional infrastructure can act as a catalyst 
for the generation of local agglomeration economies, because infrastructure can 
be regarded as a local non-traded input (Marshall 1920). Yet, the benefits of such 
infrastructure are not necessarily unlimited, as in a pure public good. This is because 
the nature of infrastructure tends to mean that there are capacity limits, beyond 
which negative externalities start to dominate. Similarly, existing infrastructure 
may become obsolete because of spatial movements of population and business 
activity or as a result of changing technology. As such, it is not only the level, 
but also the mix of public and private investment, which is crucial for sustainable 
economic growth (Shefer 1990;Forkenbrock 1990;Munnel 1990; Vickerman 1991; 
Lynde and Richmond 1992; Batten and Karlsson 1996; Criehfield and Panggabean 
1995, 1998; Rietveld and Bruinsma 1998; Rietveld 1999). 

The role of infrastructure in regional development must also be examined in 
the context of governmental decision-making. In particular, the impacts of infras- 
tructure provision will depend on how the infrastructure dovetails with the range 
of available regional business incentives, and planned linkages between the new 
infrastructure and existing infrastructure networks. Yet, even if political or social 
considerations are set aside, any new infrastructure investment must still be guided 
by the efficiency criteria of cost-benefit analysis (Layard and Glaister 1994). For 
example, while the under-building of infrastructure can clearly inhibit economic de- 
velopment, an over-built infrastructure will also add nothing to regional economic 
growth. Moreover, depending on the level of fiscal autonomy, the use of under- 
subscribed facilities can actually cause economic inefficiencies within a region. 
This is because maintaining facilities for which demand has fallen acts as a de facto 
tax on economic activity, thereby leading to an increase the overall cost of doing 
business in an area. As such, the over-provision of infrastructure can also act as a 
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barrier to local economic growth (Forkenbrock 1990) as well as the under-provision 
of infrastructure. 

A final issue related to regional infrastructure is the time-period over which such 
investments are planned and discounted (Sassone and Schaffer 1978). The goal of 
a public infrastructure policy may be to influence private investment patterns in a 
particular area in order to spread out the long-term economic development impacts 
across a region. In these circumstances, although the long-term effects of these poli- 
cies may be positive, the fiscal effects of these policies may diminish state-wide 
growth in the short run. Conversely, the current neglect of the public capital stock 
can reduce the potential for long-term economic expansion. As such, the viability 
of infrastructure can only be evaluated in the light of long-term changes in eco- 
nomic development. Any attempts at predicting the developmental impacts of new 
infrastructure is therefore necessarily problematic in that it entails the uncertainty 
of predicting future demand for a currently non-existing facility, as well as the 
complexities stemming from external effects on the fortunes of cities and regions 
(Forkenbrock 1990). 

These four characteristics of all public infrastructure, namely public-good as- 
pects, the generation of externalities, political decision-making, and long time- 
periods, are all essential features which contribute to the difficulties encountered 
in evaluating the benefits of regional infrastructure. In the case of regional devel- 
opment, where the focus of the majority of the analytical work has been on the 
impacts of transportation infrastructure, these four characteristics lead to complex 
analytical and empirical evaluation problems. As we will see in the next section, 
the evaluation of the relationship between transportation infrastructure and regional 
development is much more complex than simply a matter of road building, and no 
single transportation impact evaluation technique can be applied to all regions and 
industries (Shefer 1975). 

3 The evaluation of transportation infrastructure 

For regional scientists, the vast majority of analytical work on the regional devel- 
opment role of infrastructure has focussed on transportation infrastructure; there 
are two reasons for this. Firstly, within the various traditional location theory ap- 
proaches (Weber 1909; Hoover 1948; Isard 1956; Moses 1958; Alonso 1964; Losch 
1954; Berry 1961), transportation costs play a central analytical and empirical role. 
Transportation services can be considered as intermediate goods in the private 
production and consumption processes of firms and individuals (Bell and Feitel- 
son 1990). Importantly, however, within these frameworks, transportation costs are 
considered to be the only explicitly distance-related input into the production and 
distribution process. Within the regional science field, the focus of much transporta- 
tion infrastructure work has therefore been on the net benefits associated with new 
public transportation infrastructure. Here, the perceived net benefits are related to 
increases in the net local income streams of private investments, due to reductions 
in transportation costs and travel times (Forkenbrock 1990). 

Secondly, transportation costs are also the only major directly measurable com- 
ponent of distance-transaction costs. This is important because the ability to mea- 
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sure transportation costs allows for some level of empirical evaluation of trans- 
portation projects. This tends to be a two-stage process. Firstly, the net firm-level 
efficiency-gains engendered by the transportation infrastructure are estimated, and 
then secondly, the input-output demand increases are calculated. With reasonable 
knowledge of the medium-term construction costs, the evaluation and implementa- 
tion of the infrastructure project are therefore realistic objectives for public policy. 

Yet this static comparison is only part of the issue, because transportation in- 
vestments can affect the regional economy in two quite different ways. Firstly, the 
transport system affects the movement of goods and people within a region, largely 
shaping how the various components of the regional economy relate to each other, 
and secondly, investments in the transportation system can affect the economic ties 
between a region and the outside world. In particular, the outcomes of transporta- 
tion investments on the regional economy manifest themselves primarily through 
changes in the relative accessibility of the region. Here, ‘accessibility’ is defined 
as “the potential of opportunities for interaction” (Bruinsma and Rietveld 1996) 
between the economic agents in one region and those of another region, or alter- 
natively between agents in different parts of the same region. In other words, the 
relationship between accessibility and transportation infrastructure is not merely 
a continuum of distance or time, but rather centres on the level of connectivity of 
a region, whereby connectivity refers to the ability of local firms to develop prof- 
itable market relationships with firms or consumers in other regions. A high level 
of connectivity provides for strong inter-regional linkages with external firms and 
customers, whereas a lack of connectivity due to insufficient transportation infras- 
tructure implies a lack of choice, innovation and intellectual opportunities for the 
development of such geographical linkages (Vickerman 1996). 

In addition, when transportation infrastructure improves the relative accessibil- 
ity of a region, it can provide for an increased rate of return on investments relative to 
other competing locations. Under these circumstances, additional mobile resources 
from outside the region can be attracted to the area of the new infrastructure (Forken- 
brock 1990), and these resources can be either capital or labour. This immigration 
of factors contributes to regional growth. However, if any of the mobile economic 
activity is attracted from other sites within the defined region, then this cannot be 
viewed as new economic development, unless these internal movements provide 
for additional inter-firm linkages. The definition of the region can therefore also 
play a significant role in the corresponding net impact assessment of any particular 
transportation infrastructure investment. Moreover, uncertainty about not only the 
future demand for the infrastructure, but also these various indirect and external 
effects, makes an accurate benefit-cost analysis very difficult. 

As an input factor of production, the value of transportation infrastructure can 
also vary significantly from sector to sector and firm to firm. Thus, in order to 
predict the outcome of a given transportation infrastructure investment, the indus- 
tries in a given region must be checked for their sensitivity to transportation costs. 
Of particular importance nowadays is the widespread observation that for many 
sectors, the contribution of transport costs to overall value-added is not only very 
low, but is also falling (Glaeser 1998). Therefore, other issues relating to the role of 
transportation infrastructure must be at least as important as transport costs. Here 




182 



R McCann, D. Shefer 



Stated choice models can reveal much about the perceptions carried by business 
people of their current and potential locations. Transport infrastructure may be im- 
portant for firms and regions because it can influence the perceived status of the 
locations (Rietveld 1994). Yet, the primary benefits of transportation investments 
appear nowadays to involve reducing the time taken for business transactions to 
take place and for people to meet face-to-face (Mohring 1965). These observations 
appear to point to changes in the modem nature and importance of different types 
of spatial transaction costs, and in particular those changes associated with the 
advent of information technologies. The tremendous advances in communications 
technology over the past two decades have sparked enthusiasm in some quarters 
for the theory that physical distance can be reduced in importance, and that infor- 
mation technologies will largely replace transportation infrastmcture as a means 
of commerce over space. Yet, while these technologies are undoubtedly going to 
influence how business will be conducted in the future, the extent and direction of 
this influence are still subjects for debate. Although advanced means of communi- 
cations can appreciably reduce the friction of space, the extent to which they will 
substitute for face-to-face interactions is not crystal clear. In many circumstances 
face-to-face contact and the use of telecommunications may act as complements 
rather than as substitutes to each other (Caspar and Glaeser 1998). Yet, identifying 
which is the dominant effect in different circumstances is important, as this will 
have implications for the spatial diffusion of information. In some situations it may 
even be the case that improved communications are actually more likely to enhance 
the advantages of agglomeration and urban concentration, rather than the spatial 
dispersal of population and economic activities (Shefer 1988; Shefer and Bar-El 
1993). 

From the perspective of evaluating the role and impact of transportation infras- 
tructure these issues are fundamental. The reason for this is that, if the nature and 
extent of the spatial transactions faced by modem firms have changed markedly 
over recent decades, then this will require us to reconsider our analytical basis 
as well as our evaluative emphasis. In particular, we must move away from mod- 
els based solely on transport cost reductions and efficiency conditions, to models 
that also incorporate time allocation and utilisation, and information transmission 
and acquisition. In other words, if such spatial transaction costs changes have in- 
deed taken place, it is essential that we develop a much broader notion of distance 
costs than simply transportation costs. One approach is to broaden the discussion of 
distance-related costs into total ‘logistics-costs’, which include all of the inventory- 
related and time costs of distance as well as the co-determined transportation costs 
(McCann 1993, 1998). Further refinements will need to incorporate information 
uncertainty and risk in an explicitly spatial framework. As yet, this has not been 
done. In order to further our discussion, we next consider the extent to which spatial 
transaction costs really have changed in nature and scale over recent decades. 



4 Changes in the nature of modem spatial transaction costs 

Ignoring trade barriers and tariffs, the spatial transaction costs faced by modern 
firms are primarily of two types, namely transportation costs and information- 
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transmission costs. In this section we review the recent developments and changes 
in each of these two types of transaction costs. In Sect. 5 we use this discussion 
in order to discuss the role which modem infrastmcture may play in influencing 
regional development behaviour. 

4. 1 Information costs 

Since the 1980s we have seen dramatic improvements in the ability of decision- 
makers and planners to coordinate activities across space. The primary reasons 
for these improvements have been the enormous technological developments in 
information technology, and also the advent of widespread usage of these tech- 
nologies. These developments have meant that complex operations can now be 
managed both more efficiently and effectively than was previously possible. At 
the same time, these technological advances have improved the ability of corpo- 
rate and government decision-makers to coordinate either market or organisational 
activities across progressively larger geographical areas. This is because the new 
technologies provide for the better planning and control of activities across multi- 
ple locations, resulting in an improved ability to exploit intra-marginal differences 
in international and interregional rates of return. There are two aspects to these 
developments. 

Firstly, the new information technologies have reduced the real costs of com- 
municating across distance, allowing us to more efficiently control existing spatial 
arrangements of activities (The Economist 1999a). This is a common observation in 
industrial sectors and activities where physical commodities are being moved across 
large distances, such as in the management of international importing and exporting 
supply chains (Financial Times 1999b) or the coordination of multinational man- 
ufacturing activities (The Economist 1999a). Analogous arguments also exist for 
the case of the service sector, in situations where information rather than physical 
goods is being transferred across space. In many situations, information technolo- 
gies employing satellite and fibre-optical technology allow for greater quantities of 
information to be transmitted at a much lower cost than was previously possible. 

Secondly, the existence of these new information technologies also allows 
decision-makers to undertake the coordination of spatial arrangements of activities 
previously not possible. This is evident in examples such as international account- 
ing, where New York banks transfer their bookkeeping requirements overnight to 
firms in Dublin, in order to have them updated in time for the opening of the 
money markets the next day. Other examples include Silicon Valley firms, which 
subcontract software development activities to firms in Bangalore (India), while 
maintaining daily contact and control of the Indian software development process 
from California. Meanwhile, for service industries such as finance and market- 
ing, the new possibilities provided by information technologies for the supply 
of information-based services across global space appear almost unlimited (The 
Economist 1999a). 

Conversely, however, there are other arguments which suggest that, over time, 
the development of these information technologies (The Economist 2003) is ac- 
tually leading to increases in the costs of transmitting information across space. 
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thereby increasing the relative importance of geographical centrality. The argument 
here is that an increase in the quantity, variety and complexity of information pro- 
duced itself increases the costs associated with transmitting this information across 
space. This is because much of the information will be of a non-standardised tacit 
nature, and the transmission of this type of information essentially requires face- 
to-face contact. Examples of this phenomenon are common in industries such as 
international merchant banking, where the complexity of many new financial prod- 
ucts requires highly complex negotiations to be undertaken in order to guarantee 
their provision (Cohen 1998). The opportunity costs involved in not having face-to- 
face contact will consequently increase with the quantity, variety and complexity of 
the information produced. The effects of this will be to increase the costs of doing 
business across large geographical distances. 

4.2 Transportation costs 

Transportation technologies have improved dramatically in recent years. Obvious 
examples include the growth in roll-on roll-off trucking, containerisation, rapid- 
turnaround shipping, and the increased efficiency and frequency of airline services. 
As with information transmission, the real costs of transporting goods associated 
with these new technologies would appear to have fallen over time. On the other 
hand, as we have seen, the quantity, variety and complexity of market information 
generated in the modem economy is increasing. This also implies that in many 
industries involving the production or shipping of goods across space, the variety 
and complexity of the logistics operations being undertaken will also increase. The 
reason for this is that as modem consumer demand requirements become more 
sophisticated, there is an increasing preference for goods shipments characterised 
by speed, reliability and timeliness. In other words, the consumer’s opportunity 
costs of time have also increased for goods shipments. Modem household and 
industrial consumers now require a level of service customisation and delivery 
speed, which previously was not considered either so important or even possible. 
As the demand for delivery speed increases, the associated opportunity costs of 
lead-times also increase, and the average inventory levels maintained will fall. The 
effects of this are that, for any two agents at a given distance apart, the optimised 
delivery frequency increases as the opportunity costs of time increase (McCann 
1993, 1995, 1998, 2001b). The result of this is to increase the transaction costs 
associated with shipping goods over any given distance. The spatial outcome of 
this argument is that potential customers and suppliers will tend to move closer to 
each other as the variety and complexity of market information increases. 

The most extreme example of this trend towards more frequent shipments is the 
application of Just-In-Time (JIT) manufacturing and distribution techniques, the 
influence of which has pervaded all areas of modern production, distribution and 
retailing. New information technologies allow firms to coordinate logistics activities 
across huge geographical areas in a very sophisticated and timely manner. In the 
new JIT production and distribution arrangements (Nishiguchi 1994; Schonberger 
1996), it is necessary to control the flows of goods between firms to a very high 
degree, in order to ensure the timeliness of deliveries. The ability to track and 
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monitor the speed of movements of goods therefore becomes essential, particularly 
if the goods are being shipped over significant distances. Similar arguments also 
hold for the case of customised high-speed mail services. But these technological 
developments have also led to a change in consumer behaviour. Both household 
and industrial consumers now expect goods to be delivered JIT. As such, the nature 
of demand for transactions across space has changed dramatically. Customers now 
require much shorter lead-times than was previously possible, and the spatial effect 
of this is to encourage potential suppliers and customers to move closer to each 
other. 

There is a range of empirical evidence suggesting that the spatial transaction 
costs involved in shipping of goods have indeed increased over the last two decades, 
because of this demand for more frequent deliveries. Firstly, the average inventory 
levels for almost all manufacturing and distribution sectors in the developed world 
have fallen dramatically since the 1980s, relative to the value of output (Schonberger 
1996; Financial Times 1998). This implies that the average lead times of goods- 
shipments have fallen over recent years, with a concomitant increase in goods- 
shipment frequencies. Secondly, by carefully disentangling the various components 
of transport costs, it becomes clear that the proportion of global output which is 
accounted for by logistics and transportation activities in the economy has not 
fallen over recent decades (Hummels 1999; Financial Times 1997). Thirdly, while 
the transportation cost component of bulk materials has indeed generally fallen, in 
the case of manufactured goods, there is evidence that this proportion has actually 
increased over the recent decades, despite improvements in transportation and lo- 
gistics technologies (Hummels 1999). Fourthly, industries that are very dependent 
on JIT shipments have tended to reorganise their trade patterns in favour of geo- 
graphically close suppliers and customers (Reid 1995; McCann 1998). Moreover, 
this behaviour is even evident in industries in which the product value- weight ratios 
are extremely high (McCann and Fingleton 1996). In other words, such localisation 
behaviour is present in the very same industries traditional Ricardian trade theories 
would have ruled out. 



5 Modern spatial transaction costs and transportation infrastructure 

If we follow the straightforward technological arguments outlined above which sug- 
gest that information transmission costs and transportation costs have both fallen 
over time, we could also conclude that geographical peripherality is becoming much 
less of a competitive disadvantage for accessing markets than it might previously 
have been. This is because the supply of activities, goods or services will become 
progressively cheaper and easier over greater spatial scales, due to better manage- 
ment and delivery possibilities provided by the new transport and communications 
technologies. These reduced costs of doing business over large geographical dis- 
tances also imply that the range of activities supplied across all spatial areas will 
tend to converge. The reason for this is that a general reduction in spatial transaction 
costs will reduce any missing markets associated with transaction-cost inefficien- 
cies. As such, the advent of these new transport and communication technologies 
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suggests that differences in geographical location would appear to become succes- 
sively less important over time in determining the range of products and activities 
available in any particular region. Some authors have even assumed that eventually 
this would lead to the death of geography as an issue in its own right (Toffler 1980; 
Naisbitt 1995). 

On the other hand, however, as we have seen here, there are also arguments 
which suggest that the development of the information technologies themselves is 
actually leading to increases in the costs of doing business across space. Information 
technology alone obviously reduces the costs associated with transmitting particular 
quantities and types of information across space. However, an additional aspect of 
these technologies is that they also tend to lead to an increase in the quantity, the 
variety, and the complexity of the information and goods being transported across 
space. As the quantity, variety and complexity of the information being produced 
increases, the question arises as to the nature of the costs involved in transmitting 
this increasingly complex and varied information across space. At issue here is the 
question of exactly how we define geographical transaction costs. When considering 
the costs of conducting business over large geographical distance, it is essential to 
consider both the costs involved in transporting both goods and information across 
space, as well as the opportunity costs involved with lower frequency business 
interactions. 

The preceding sections provide a range of arguments and evidence which sug- 
gest that the real costs involved in transacting information and goods across space 
have both decreased and increased over recent decades. However, these apparently 
conflicting conclusions can be reconciled in that the different types of changes in 
transaction costs described above have tended to occur in different types of sectors 
and activities. On taking a broad view of the issues, most of the evidence points 
to falling geographical transaction costs for existing types of activities. The sec- 
tors in which spatial transaction costs have indeed fallen significantly over recent 
decades, are generally the sectors in which the nature of the spatial transaction 
undertaken has not changed fundamentally over time, in terms of the required fre- 
quency of interaction. This is typically the case in many raw material, agricultural 
or extraction industries, and in industries producing manufactured products at a 
mature stage within their product cycles (Vernon 1966). This is also the case in 
service sector industries in which the nature of the information being transacted is 
rather standardised, such as retail banking. In other words, where the nature and 
characteristics of the transactions have not changed, transportation and transaction 
costs have fallen steadily over time. Conversely, in production sectors in which the 
demand lead-times have fallen dramatically, or in industries in which the variety 
and complexity of information generated has increased significantly, spatial trans- 
action costs apparently will not have fallen over recent decades, and in some cases 
will actually have increased. Where such costs may have risen over time, it appears 
that this is because the nature and characteristics of such transactions have changed. 

The arguments implying falling spatial transaction costs initially appear to 
provide encouraging lessons for transportation infrastructure development in ge- 
ographically peripheral parts of the economy. This is because the marginal level 
of infrastructure development required in order to increase the accessibility of the 
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peripheral region would appear to fall. Businesses in these peripheral regions would 
apparently be better able to compete because reductions in spatial transaction costs 
associated with marginal infrastructure improvements will allow them to benefit 
to a greater extent from the comparative advantage provided by the relatively low 
local factor prices. However, the actual local growth effects of any reductions in 
spatial transaction costs are much more complicated than these comparative-static 
changes would suggest. The reason for this is that the effects of any such cost 
reductions are likely to be dynamic and will also depend firstly, on whether such 
transaction-cost reductions are stepwise or continuous, and secondly, on the exis- 
tence of economies of scale. If any reductions in spatial transaction costs are simply a 
stepwise, once-and-for-all phenomenon, the geographically peripheral regions will 
not be expected to experience growth effects consistently different from the more 
centrally located areas. On the other hand, if the reductions in the spatial transac- 
tion costs are broadly a continuous phenomenon, as would be expected with steady 
technological progress, the geographically peripheral areas would be expected to 
consistently generate economic growth levels above those of geographically cen- 
tral economies. This resulting strong growth performance would then encourage 
the inflow of more production factors seeking higher factor rewards, which would 
itself encourage further growth. This argument is the basis of the Borts and Stein 
(1964) and Barro and Sala-i-Martin (1992) convergence models, and current EU 
infrastructure policy (Vickerman 1991). 

These generally optimistic observations associated with falls in spatial trans- 
action costs hold as long as the aggregate production functions of the competing 
regional economies experience largely constant returns to scale. However, the new 
economic geography literature (Fujita et al. 1999) suggests that the spatial pat- 
terns of economic growth will be quite different, depending on the extent to which 
varying levels of economies of scale are operative in different locations. The new 
economic geography literature suggests that if individual economies experience 
economies of scale, falling spatial transaction costs will benefit the larger and more 
centrally-located regions, at the expense of the geographically peripheral regions. 
The primary reason for this is that these models assume that market size and cen- 
trality provide for a greater level of industry diversity within a local area. This local 
diversity leads to a greater variety of products affordable to both local household 
and industrial consumers, in comparison with other areas. 

In microeconomic terms, within the new economic geography schema, the hy- 
pothesised outcomes of this phenomenon are that local firms are able to exploit 
economies of scale and local consumers are able to achieve higher levels of satis- 
faction than is the case with other less diversified areas. Under these conditions, the 
new economic geography literature therefore implies that high spatial transaction 
costs act in a manner analogous to that of high trade tariffs, in which the peripheral 
regions are protected from external competitive pressures of the larger more cen- 
tral regional economies. In such protected situations, local producers are allowed 
to continue in business, because the high spatial transaction costs rule out the com- 
petitive advantages of the larger or more centrally-located external producers. 

If the former arguments in favour of convergence are correct, then transporta- 
tion infrastructure would appear to become increasingly effective at the margin 
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in promoting regional development, even allowing for changes in modem spatial 
transaction costs. Alternatively, if the arguments favouring divergence are correct, 
then in the future, transportation infrastmctures in more geographically peripheral 
locations will be become progressively less effective in encouraging local devel- 
opment, whereas infrastmcture in the dominant market locations will contribute 
to further concentration. Under these latter arguments, the primary regional devel- 
opment role played by transportation infrastructure appears to be in the provision 
of sufficient facilities for intra-regional commuter traffic, and much less so in the 
determination of inter-regional development patterns. 

What emerges from these discussions is that when we account for the changes 
in the nature of modem spatial transaction costs, the regional development role 
of transportation infrastmcture depends on our understanding of agglomeration 
economies and its relationship with industrial location behaviour. This is the issue 
to which we now turn. 

6 Agglomeration economies and industrial clustering 

The current thinking on these issues generally revolves around the notion of in- 
dustrial clustering and the associated potential benefits of external agglomeration 
economies. Underlying this thinking are the three explanations of Marshall (1920) 
for the existence of positive agglomeration externalities, which focus on the roles 
played by information spillovers, non-traded local inputs, and a skilled local labour 
pool. However, the recent increase in the perceived importance of these agglomera- 
tion phenomena as potential determinants of economic growth does not necessarily 
mean that substantive changes to the competitive conditions encountered by re- 
gional economies have taken place. Large cities and industrial clusters have been a 
longstanding feature of our economic system. Meanwhile, widespread technologi- 
cal changes have largely reduced many aspects of spatial transactions costs, thereby 
potentially benefiting peripheral economies. So why should there be a recent focus 
of interest on these questions of geography? In response, Glaeser (1998) argues that 
if we consider the changes in the transaction costs of goods-shipments alone, then 
the rationale for industrial clustering and the existence of modem cities disappears. 
On the other hand, he argues that the transportation costs involved in ensuring that 
people have both widespread and frequent face-to-face contact across a range of 
individuals in order to facilitate the transfer of tacit information, is the cmcial driv- 
ing force behind the generation of modem cities and industrial clusters. Indirect 
evidence for this argument comes from observed telephone usage patterns (Caspar 
and Glaeser 1998), in which proximity is correlated with telephone usage. This is 
because information and communications technologies and face-to-face contact, 
are not necessarily substitutes for each other, but are often complements for each 
other. Another possible result of this relates to the increasing levels of global ur- 
banisation (UN 1997). The overcoming of increased modem spatial information 
transactions costs is therefore now regarded in many circles as being the primary 
rationale underlying the existence of modem cities. 

The critical issue here is how modem spatial transaction-costs relate to indus- 
trial location behaviour. However, it is likely that in reality the relationship between 
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geography and economic growth is rather more subtle, complex and varied than 
the simple Marshallian agglomeration model suggests. This possibility gives rise 
to two other models of industrial clustering, namely the ‘industrial complex model’ 
and the ‘social network model’ ; the two models indicate that simple observations of 
the scale of urban population levels and industrial clustering will not necessarily be 
instructive as to the nature of localised growth mechanisms. In order to understand 
how the insights of these two additional models of industrial clustering may be in- 
terpreted, we will describe their particular transaction-costs characteristics in direct 
comparison to the transaction-costs characteristics of the agglomeration model. 

To accomplish this, we must adopt a transaction-costs approach to present three 
stylised sets of geography-firm-industry organisational relationships (Simmie and 
Sennet 1999; McCann and Gordon 2000; McCann 2001a). The three stylised char- 
acterisations of industrial clusters are distinguished in terms of the nature of firms 
in the clusters, the nature of their relations, and transactions undertaken within the 
clusters. These three distinct types of industrial clusters can be termed the pure 
agglomeration, the industrial complex, and the social network. In reality, all spatial 
clusters or industrial concentrations will contain characteristics of one or more of 
these ideal types, although one type will tend to be dominant in each cluster. The 
characteristics of each of the cluster types are listed in Table 1, and as we see, the 
three ideal types of clusters are all quite different. 



Table 1. Industrial clusters 



Characteristics 


Pure agglomera- 
tion 


Industrial complex 


Social network 


Firm size 


Atomistic 


Some firms are large 


Variable 


Characteristics 


Non-identifiable 


Identifiable 


Trust 


of relations 


Fragmented 
Unstable frequent 
trading 


Stable and frequent 
trading 


Loyalty 
Joint lobbying 
Joint ventures 
Non-opportunistic 


Membership 


Open 


Closed 


Partially open 


Access to cluster 


Rental payments 

Location 

necessary 


Internal investment 
Location necessary 


History 

Experience 

Location necessary but 
not sufficient 


Space outcomes 


Rent appreciation 


No effect on rents 


Partial rental 
capitalisation 


Example of clus- 
ter 


Competitive urban 
economy 


Steel or chemicals 
production complex 


New industrial areas 


Analytical 


Models of pure 


Location-production 


Social network theory 


approaches 


agglomeration 


theory 

Input-output analysis 


(Granovetter) 


Notion of space 


Urban 


Local or regional but 
not urban 


Local or regional but 
not urban 
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Firstly, in the model of pure agglomeration, inter-firm relations are inherently 
transient. Firms are essentially atomistic, in the sense of having no market power, 
and they will continuously change their relations with other firms and customers in 
response to market arbitrage opportunities, thereby leading to intense local com- 
petition. As such, there is no loyalty between firms, nor are any particular relations 
long-term. The external benefits of clustering accrue to all local firms simply by 
virtue of their local presence. The cost of membership of this cluster is only the 
local real estate market rent. There are no free riders, access to the cluster is open, 
and it is consequently the growth in the local real estate rents which is the indicator 
of the cluster’s performance. This idealised type is best represented by the Mar- 
shall (1920) model of agglomeration, as adopted by the new economic geography 
models (Krugman 1991; Fujita et al. 1999). The notion of space in these models is 
essentially urban space, in that this type of clustering only exists within individual 
cities. 

Secondly, the industrial complex is characterised primarily by long-term sta- 
ble and predictable relations between the firms in the cluster, involving frequent 
transactions. This type of cluster is most commonly observed in industries such as 
steel and chemicals, and is the type of spatial cluster typically discussed by clas- 
sical (Weber 1909) and neo-classical (Moses 1958) location-production models, 
representing a fusion of locational analysis with input-output analysis (Isard and 
Kuenne 1953). Component firms within the spatial grouping each undertake sig- 
nificant long-term investments, particularly in terms of physical capital and local 
real estate, in order to become part of the grouping. Access to the group is therefore 
severely restricted both by high entry and exit costs, and the rationale for spatial 
clustering in these types of industries is that proximity is required primarily to min- 
imise inter-firm transport transactions costs. Rental appreciation is not a feature 
of the cluster, because the land which has already been purchased by the firms is 
not for sale. The notion of space in the industrial complex is local, but not neces- 
sarily urban, and may extend across a sub-national regional level. In other words, 
these types of complexes can exist either within or far beyond the boundaries of an 
individual city, and depend crucially on transportation costs. 

The third type of spatial industrial cluster is the social network model. This is 
associated primarily with the work of Granovetter (1973), and is a response to the 
hierarchies model of Williamson (1975). The social network model argues that mu- 
tual trust relations between key decision making agents in different organisations 
may be at least as important as decision-making hierarchies within individual or- 
ganisations. These trust relations will become manifest by a variety of features, such 
as joint lobbying, joint ventures, informal alliances, and reciprocal arrangements 
regarding trading relationships. However, the central feature of such trust relations 
is an absence of opportunism, in that individual firms will not fear reprisals after any 
reorganisation of inter-firm relations. Trust relations between key decision-makers 
in different firms are assumed to reduce inter-firm transaction costs, because when 
such trust-based relations exist, firms do not encounter the problems of oppor- 
tunism. As such, these trust relations circumvent many of the information issues 
raised by the markets and hierarchies dichotomy (Williamson 1975). Where such 
relations exist, the predictability associated with mutual non-opportunistic trust 
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relations, can therefore partially substitute for the disadvantages associated with 
geographic peripherality. Inter-firm cooperative relations may therefore differ sig- 
nificantly from the organisational boundaries associated with individual firms, and 
these relations may be continually reconstituted. All of these behavioural features 
rely on a common culture of mutual trust, the development of which depends largely 
on a shared history and experience of the decision-making agents. 

This social network model is essentially aspatial, but from the point of view 
of geography, we can argue that spatial proximity will tend to foster such trust 
relations over a long time-period, thereby leading to a local business environment 
of confidence, risk-taking and cooperation. Spatial proximity is thus necessary, 
but not sufficient to acquire access to the network. As such, membership in the 
network is only partially open, in that local rental payments will not guarantee 
access, although they will improve chances of access. In this social network model 
space is therefore once again local, as with the complex, but is not necessarily 
urban, and often extends over a sub-national regional level. Once again in this 
case, both information transactions costs and transportation costs may play a role 
in determining the importance of geographical peripherality. 

The major geographical manifestation of the social network is the so-called new 
industrial areas model (Scott 1988), which has been used to describe the charac- 
teristics and long-term growth performance of areas such as the Emilia-Romagna 
region ofitaly (Piore and Sabel 1984; Scott 1988), or to a lesser extent Silicon Valley 
in California. The Emilia-Romagna region has large networks of primarily small 
firms that are bound together by close personal ties. The trust networks evident 
between firms allow them to arrange cooperative syndicates for certain types of 
activities, such that longer-term and more comprehensive investment programmes 
can be undertaken by the small firms than would be the case in an orthodox mar- 
ket mechanism. The result has been a continuous upgrading in the technology of 
the firms from traditional craft-based leather-goods activities to currently very high 
levels of technological inputs. There is also some evidence of similar trust networks 
developing in the case of Silicon Valley in California (Saxenian 1994), although 
this particular cluster appears to be primarily something akin to a pure agglomer- 
ation model (Arita and McCann 2000). Meanwhile, the clustering model of Porter 
(1990, 1998) can also be argued to fit into this social network category. Although 
Porter assumes that the dominant competitive effects of clustering are mediated 
by information flows between firms and individuals within the urban sphere - the 
primary effect of which is to stimulate local competition by increasing the trans- 
parency associated with competitive improvements - he also acknowledges that 
such information flows may also extend well beyond the urban scale in situations 
where trust exists. Both the industrial clustering model of Porter (1990, 1998) and 
the new industrial areas model of Scott (1988), are therefore less specific than the 
urban agglomeration model with regard to the particular spatial dimension, which 
is critical in terms of information transaction costs. In cases with small-firm in- 
dustrial structures, the spatial extent over which such trust relations operates will 
tend to be over small sub-national regional scales (Scott 1988; Porter 1990). On 
the other hand, in industrial structures characterised by large vertically-integrated 
firms, such trust relations may operate over much larger regional spatial scales. 
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and in the case of contiguous small-area nations, these regional scales may extend 
beyond the individual country boundaries (Casson and McCann 1999). Where in- 
dustrial structures are characterised by both small and large firm networks, such 
long-term trust relations can exist over national spatial scales. 



7 Industrial location behaviour and transportation infrastructure 

The existence of these different geography-firm-transactions cluster types has a 
variety of implications for our understanding of the potential regional development 
role of transportation infrastructure. In the case of pure agglomeration, the role of 
domestic transportation infrastructure will primarily be relieving the capacity con- 
straints associated with intra-regional commuter movements, rather than encour- 
aging inter-regional development changes. Conversely, in the case of the industrial 
complex model, the role of transportation costs will remain central in determin- 
ing the attractiveness of alternative locations, as it is in the location-production 
and input-output models analysing such phenomena. Meanwhile, and quite apart 
from the other two models, the social network model of industrial clustering has 
no implications for the performance of physical infrastructure, because it depends 
entirely on the social infrastructure. 

The vast majority of the current theorising of industry-geography behaviour fo- 
cuses on the first and third models, namely the agglomeration and social network, 
and downgrades the relative importance of the second model, the industrial com- 
plex, as explanations of modem spatial behaviour. In many parts of the small-firm 
sector, plus in most areas of the high-value adding service industries, the character- 
istics of the pure agglomeration and social network models will indeed tend to dom- 
inate. In these sectors, the nature of intra-regional urban commuting patterns will 
often be the primary issue relating to transportation infrastmcture. But given that 
the industrial complex model is most directly linked analytically and empirically to 
transportation behaviour, this implies that the long-mn inter-regional development 
role of transportation infrastructure is falling. However, underlying this argument 
is the pure agglomeration assumption that the individual metropolitan urban area is 
the critical spatial extent defining geographic advantage or disadvantage in growth 
performance. The two other types of clustering-interaction models described here 
nonetheless suggest that growth mechanisms may occur over rather different spatial 
and population scales than simply the city. While there is much empirical evidence 
(Jaffe et al. 1993; Gordon and McCann 2000; Acs 2002) confirming that many 
aspects of information spillovers are constrained primarily within the individual 
urban area, other observations (Suarez- Villa and Walrod 1997; Bennett 1998; Arita 
and McCann 2000; Cantwell and lammarino 2000) suggest that critical the spatial 
extent of long-term inter-firm networks may be more far reaching than that of a 
single city, and may extend across whole national or sub-national regional areas. It 
appears to depend on how a firm acquires and uses information. 

In the case of the large-firm, multi-plant and multinational manufacturing sec- 
tors, where internalised knowledge is the firm’s primary proprietary asset, most 
firms are averse to the geographical clustering of their knowledge-generation activ- 
ities with those of their rivals, because of the potential net losses associated with in- 
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formation spillovers (Simmie 1998; Cantwell and Santangelo 1999). In these types 
of cases, the information spillover advantages of the pure agglomeration model are 
largely ruled out and the transaction costs and organisational behaviour of these 
types of firms is more akin to that of the industrial complex model. Moreover, this is 
actually the case in many parts of the information-intensive high-technology sectors 
such as semiconductor-based electronics (Arita and McCann 2002a,b; McCann et 
al. 2002), as well as in the more traditional manufacturing sectors. For these types of 
firms, transportation infrastructure would still appear to be an important locational 
consideration for inter-regional location decisions, as well intra-regional location 
decisions. As such, the regional development effects of infrastructure improvements 
will also depend on firm organisational issues, because these determine whether 
firms are mobile and spatially responsive to such infrastructure improvements. 
Unfortunately, the relationship between firms organisational issues and location 
behaviour is an area in which both regional science and orthodox economics has 
made very little progress. 

In addition to the case of large firm sector, another area where transportation 
infrastructure may play an increasingly crucial role in determining the patterns of 
inter-regional rather than intra-regional economic development is that of air-travel. 
Capacity and network changes within the airline system can play a crucial role in 
changing the relative attractiveness of a region for a variety of industrial sectors 
(Button et al. 1998), by changing the time taken for face-to-face transactions to be 
completed across large spatial distances. Indeed, evidence from the US (Arita and 
McCann 2000) suggests that a one-day round trip is the critical spatial extent for 
many types of information exchanges within much of the semiconductor industry, 
and not the individual urban area, as much of the literature suggests (Saxenian 
1994). The development of major modem airports may therefore be seen to play 
something of a similar developmental role as did railways in the nineteenth century, 
and highways prior to the oil crises of 1970s. 

As we indicated earlier, the evaluation of the relationship between transportation 
infrastmcture and regional development is much more complex than simply a matter 
of road building, and no single transportation impact evaluation technique can be 
applied to all regions and industries (Shefer 1975). Taking account of the nature and 
extent of modern spatial transaction costs, and the inter-relationships between firms, 
the evaluation of transportation infrastmcture appears to depend as much on issues 
relating to firm organisation, firm mobility, information spillovers and externalities, 
as it does on the movements of traffic along the transportation infrastmcture itself. 
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Abstract. The theoretical framework of urban and regional economics is built on 
transportation costs for manufactured goods. But over the twentieth century, the 
costs of moving these goods have declined by over 90% in real terms, and there 
is little reason to doubt that this decline will continue. Moreover, technological 
change has eliminated the importance of fixed infrastructure transport (rail and 
water) that played a critical role in creating natural urban centres. In this article, we 
document this decline and explore several simple implications of a world where it 
is essentially free to move goods, but expensive to move people. We find empirical 
support for these implications. 
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1 Introduction 



The new regional economics has been built on transport costs. The models of Krug- 
man (1991a, b), Fujita et al. (1999), Fujita and Thisse (2002) follow the classic firm 
location literature of Weber (1909, 1929), the central place theories of Christaller 
(1933, 1966), Losch (1944, 1954), and the spatial economy approach of Isard 
(1956), and develop models where economic decisions are both created - and lim- 



* Glaeser thanks the National Science Foundation, the Taubman Center, and the Rappaport Institute 
for support and Jesse Shapiro for providing tremendous assistance. Kohlhase thanks Jia-Huey Ling and 
Anuja Krishnan for helpful research assistance. 




198 



E.L. Glaeser, J.E. Kohlhase 



ited - by the costs of moving goods over space. ^ What is the benefit of being close 
to one another? Being able to buy goods that are produced locally. What is the cost 
of agglomerating? Having to ship basic commodities farther over space. 

The foundational models of urban economics are also, if less clearly, founded 
on transportation technologies. The classic monocentric urban models developed 
by Alonso (1960, 1964), Muth (1969) and Mills (1967, 1972), hereafter referred to 
as the Alonso-Mills-Muth model, are consistent with a world where people walk 
and take public transportation.^ The central business district (CBD) can be viewed 
as the hub for transportation technologies. Public transportation brings people to the 
hub and people walk from that point to their work places and use their feet to interact 
during the workday. The workers’ physical output then gets shipped from the hub 
to consumers using rail and water transport. As such, a monocentric model, where 
firms are extremely close to one another in the central business district (CBD), is 
natural when thinking about cities built around feet and trains. 

Historically, these models capture the essence of urban economies. In the United 
States transport costs before 1900 were enormously high. People moved by foot 
and goods were carried by water. Both the structure and location of cities reflect 
high transport costs. Because roads and rail were rare and costly, every large city in 
1900 was located on a waterway. Of the 20 largest cities in America in 1900, seven 
were ocean ports where rivers meet the sea (Boston, Providence, New York, Jersey 
City, Newark, Baltimore, and San Francisco); five were ports where rivers meet the 
Great Lakes (Milwaukee, Chicago, Detroit, Cleveland, and Buffalo); three were on 
the Mississippi river (Minneapolis, St. Louis and New Orleans); three were on the 
Ohio river (Louisville, Cincinnati and Pittsburgh); and the remaining two were on 
east coast rivers, close to the Atlantic (Philadelphia and Washington). America’s 
largest city. New York, was clearly its best port. 

Moreover, high transport costs created a series of cities scattered throughout 
the country, each oriented towards exploiting the rich American hinterland. Cronon 
(1991) details how Chicago was built as a transport hub enabling the movement of 
commodities such as lumber, wheat and cattle from America’s vast hinterland to 
the east coast and to Europe.^ Moreover, transport costs dictated the existence of 
a hierarchy of cities (Christaller 1933, 1966; Losch 1944, 1954; Henderson 1974). 
Small cities dotted the interior of the country and were specialised in providing 
basic services for men making their living from the earth. Larger cities served as 
depots for goods coming from and headed to the east coast and Europe. They also 
increasingly became centres of manufactured goods, which were moved naturally, 
exploiting their comparative advantage in transportation. 



^ Several texts develop the classic regional economics models and location theory models. See 
Beckmann ( 1 968), Greenhut ( 1 970), Nourse ( 1 968) or Hoover and Giarratani ( 1 985). The last is available 
online at the web book of regional science http://www.rri.wvu.edu/regscweb.htm. 

^ The classic monocentric model is discussed in detail in the text by Fujita (1989). Several summary 
articles, including Anas et al. (1998) and Brueckner (1987), discuss the basic monocentric model and 
comparative statics. The agricultural land use model developed by von Thiinen (1826, 1966) can be 
considered one of the antecedents to the monocentric urban land use models. 

^ Other classics which emphasise the link between transport technologies and urban form include 
the multiple nuclei model of Harris and Ullman (1945) and Blumenfeld (1955). 
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We know this urban world because it still surrounds us. The durability of phys- 
ical infrastructure ensures us that cities built around Great Lakes still remain even 
though the lakes’ importance as a transport mechanism has declined. Baltimore, 
Buffalo, Cleveland, Detroit, Pittsburgh and St. Louis (in the Midwest) and Baltimore 
and Philadelphia (on the coast) excelled in moving the products of the American 
country by water or rail. These were seven of the 15 largest cities in the country in 
1950, and every one of them has lost population in every decade since 1950. They 
continue to exist, but their gradual weakening should remind us that the world has 
changed, and the factors that made these places centres of productivity in 1900 
seem unimportant 100 years later. 

The great force that has reshaped the city in the twentieth century is the engine; it 
has become both more powerful and noticeably lighter over the last 100 years.^ As a 
result, people have increasingly been able to propel themselves and their goods over 
long distances with better and better machines. The average cost of moving a ton a 
mile in 1890 was 18.5 cents (in 2001 dollars). Today, this cost is 2.3 cents. At their 
height, the transportation industries represented 9% of GDP. Today, if we exclude 
air travel, they represent 2% of national product. Two factors have acted to decrease 
the importance of transportation costs for goods. First, the technologies designed 
for moving goods have improved. Second, the value of goods lies increasingly in 
quality, rather than quantity, so that we are shipping far fewer tons of goods relative 
to GDP than we have in the past. 

These reduced costs, and the declining importance of the good-producing sector 
of the economy, means that in our view, it is better to assume that moving goods is 
essentially costless than to assume that moving goods is an important component 
of the production process. The implication of this claim is that the prevailing urban 
models are poorly suited for the twenty-first century-city, although they do help us 
to understand the 19th century cities that still surround us. As we contemplate the 
future of urban and regional economics, it becomes crucial to build a new theoretical 
paradigm built on forces other than the costs of moving physical products across 
space. 

In this article we do three things. First, we review the evidence on the decline 
of transportation costs. The evidence indicates a large change that appears to be 
continuing. Certainly it is an exaggeration to claim that moving goods is free, but 
it is becoming an increasingly apt assumption. We also note that moving people is 
not free and that the twentieth century has seen a switch from infrastructure-heavy 
transport (railroads, ports) to infrastructure-light transport (cars, trucks). This also 
has implications for urban form. 

Second, we discuss the implications of this change to the analysis of urban and 
regional economics. The new regional economics is built around fixed cost tech- 
nologies with substantial transport costs. Population is anchored by a desire to be in 
close proximity to natural resources. In Krugman (1991) it is the fixed agricultural 
sector that ties workers to both regions of the economy. These assumptions fit nine- 
teenth century America perfectly, but are inappropriate for the twenty-first century. 



^ Mumford (1934, 1963) emphasised the powerful role of technology in transforming social organi- 
sation. 
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Instead, models should continue to emphasise agglomeration effects, which come 
ultimately from the benefits of easy access to other people, not from saving transport 
costs for goods. Natural resources in production are becoming increasingly irrele- 
vant, and the items that provide features to the landscape are consumption-related 
natural amenities (e.g., warmth) and state or city specific government policies. 

Third, we empirically test, in Sects. 4 and 5, a number of implications stem- 
ming from our approach. People should leave areas that were once centres for 
natural resource extraction and instead should increasingly live in a small handful 
of metropolitan areas. The main factors that stop convergence to a single area are 
heterogeneity of tastes for weather, government policies and historically developed 
infrastructure. Manufacturing should be located in lower density areas; services 
should be in areas with greater density. Service firms should locate near their sup- 
pliers and customers; manufacturing firms should not. Extreme congestion on urban 
roads may have negative productivity impacts. In the last section of the article, we 
synthesize our discussion and offer suggestions for future modelling efforts. 



2 Transportation costs over time 

A standard theoretical element in the new regional economics-new economic ge- 
ography literature follows Samuelson (1954) and assumes iceberg transportation 
costs.^ The iceberg specification maintains that the cost of moving goods involves 
the loss of some proportion of the product during shipment. Obviously, this as- 
sumption is a simplification and misses much that is interesting in the economics 
of moving goods, but nonetheless it provides us with a convenient starting point 
for thinking about the magnitude of transportation costs. If these costs were truly 
iceberg, then we could estimate the size of the cost parameter just by examining 
the share of GDP spent on moving goods. As such, one starting point for thinking 
about the magnitude of transportation costs is the share of GDP involved in the 
transportation industry. At a more detailed level, a measure of transport costs is the 
price of moving a commodity as a fraction of the total value of the commodity. 

Figure 1 shows the overall share of transport in GDP from the late nineteenth 
century until today. This sector of the economy includes rail, water and pipeline 
transportation, trucking and warehousing, air transport, transportation services, and 
local and interurban passenger transit. Prior to 1929, we use the Martin Series 
(Historical Statistics of the United States, F-250-261), which includes both trans- 
portation and public utilities. Since this series includes components unrelated to 
transportation, we multiplied the series by 0.67 - the ratio of transportation spend- 
ing to transportation plus public utilities in 1929. If this ratio was not constant, but 
rather decreasing between 1870 and 1930 (which seems probable), then transporta- 
tion spending would be declining more sharply before 1929. 

^ See Fujita et al. (1999) (FKV) for a discussion of iceberg transport costs and its use in regional 
science, urban economics, economic geography, and international trade models. FKV point out (p. 59) 
that the agricultural land-use model of von Thiinen ( 1 826, 1 966) contains the predecessor to Samuelson’s 
iceberg transport costs; in that model one of the assumptions was that the oxen pulling the loaded carts 
ate some of the grain being shipped to the market. 
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Fig. 1. The share of GDP in transportation industries. Source: Department of Commerce (since 1929), 
and Historical Statistics of the U.S. (Martin Series) before then 



As late as 1929 (the first year we have Department of Commerce data available), 
transportation represented 8% of gross domestic product. By 1990, only 3% of 
GDP is being spent on transportation. This figure understates the true decline of 
transportation because air travel, which is overwhelmingly involved in transporting 
people, not goods, is a major component of transportation expenditures during 
the later time period. The triangles in the figure represent the transport cost series 
without air transportation. This figure is, unsurprisingly, almost the same as total 
transportation expenditures in 1949, but by the 1990s, more than one-quarter of total 
spending in this category was on air transport. Without that category, transportation 
represents only 2.3% of GDP in the 1990s. 

Of course this figure does not truly represent an estimate of iceberg costs, even 
in the best of circumstances, because a significant fraction of GDP is not shipped. 
Services tend to involve little freight shipment. Other more physical goods only 
involve small amounts of shipping (e.g., construction). Moreover, many physical 
goods are actually consumed at home and not shipped. Since only a fraction of GDP 
(perhaps one-half) is in physical goods that are traded, the share of GDP spent on 
transportation is something of an underestimate of the hypothetical iceberg costs, 
perhaps by as much as one-half. 

Another reason that these numbers may tend to underestimate the overall im- 
portance of shipping costs in the economy is that they exclude shipping that is 
done in-house. When a manufacturing firm hires an external shipper, that payment 
is included in the share of GDP in the transportation industries. When a firm uses 
its own trucks, the salaries of the trucks will not be attributed to the transportation 
industry. Furthermore, to the extent that the government subsidises the trucking 
industry through the construction and maintenance of roads, those costs will not be 




202 



E.L. Glaeser, J.E. Kohlhase 



Freight bill 
divided by GDP 




Annual Reports 



included in these figures. The Eno Foundation has attempted to calculate a national 
transportation bill to include all of the different components of transportation ex- 
penditures. This bill is not exactly comparable to GDP, because if this procedure 
were done for all of the different functions of the economy, the sum of the results 
would add to more than GDP. 

Figure 2 uses the Eno Foundation data to show the shift in the ratio of the nation’s 
freight bill to GDP between 1960 and today. This graph shows a decline from 0.09 
in 1960 to 0.06 today. Most of the decrease took place between 1960 and 1990, and 
little change in the share has occurred in the 1990s. While this is certainly a larger 
number than the 2.3% of GDP cited earlier, it nevertheless displays a significant 
downward trend over time. 

These aggregate movements combine together several different changes: (1) 
movements in the real cost of moving goods within modes of transport, (2) overall 
changes in the ratio of goods shipped to GDP, and (3) changes in modes of transport. 
Indeed, the overall decline in transportation costs has been quite muted because 
people have moved from a cheaper technology (rail) to a more expensive technology 
(trucking). We now turn to these different components of the movement in transport 
costs. 

Figure 3 shows our longest series on transport costs over time: costs per ton- 
mile on railroads between 1890 and today. Figures are in 2001 dollars and show a 
decline from more than 1 8 cents per ton-mile in 1 890 to 2.3 cents today. The decline 
has been essentially continuous, except for an increase during the 1920s and 1930s. 
Of course, this graph itself does not control for the average length of the haul and 
other factors, which will tend to influence the cost of rail shipping. Nonetheless, 
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Fig. 3. The costs of railroad transportation over time. Source: Historical Statistics of the US (until 1970), 
1994, Bureau of Transportation Statistics Annual Reports 1994 and 2002 



Revenue per ton-mile 




1947 2000 Year 

— e Rail — B Truck — — Pipe 

Fig. 4. Revenue per ton-mile, all modes. Source: Bureau of Transportation Statistics Annual Reports 



the data does suggest a remarkable reduction in the real cost of shipping goods over 
the twentieth century. 

Figure 4 shows the trends in costs for other industries. We have included data 
since 1947 for trucks and pipeline (water is the missing major mode). These figures 
illustrate nicely the huge gap in shipping costs between trucks and the other modes 
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Dollars per ton-mile 




Fig. 5. Revenue per ton-mile, all modes together. Source: Bureau of Transportation Statistics Annual 
Reports 



of transportation. It also illustrates that trucking costs remained essentially constant 
over much of the time period. Rising fuel prices and a regulated industry kept truck- 
ing prices at essentially their 1947 levels through 1985. Since 1985, deregulation 
has enabled technological change and trucking costs have fallen from 38 cents a 
ton-mile (in 2001 dollars) to 28 cents a ton-mile in 1999. Since the Motor Carrier 
Act of 1980, which effectively decontrolled the industry, trucking costs have been 
falling by 2 % per year, which is similar in magnitude to the 2.5% per year decline 
that rail experienced over the entire time period. 

Although the low costs of pipe transport make the graph difficult to understand, 
between 1978 and 1999, the real costs of pipeline transport fell 25% from 2 cents 
per ton-mile to 1 .5 cents per ton-mile. Both before 1975 and after 1978, real pipeline 
costs fell by about 2% per year. Only during the mid-1970s, when pipeline costs 
shot up by one-third, did this trend reverse. Overall, across all modes there have 
been declining costs, and in the absence of outside factors (the oil crisis, government 
regulation) costs per ton-mile, within each mode, appear to be declining by about 
2% per year. 

Figure 5 combines all of the modes and shows a steady downward trend, with 
the exception of the remarkable year of 1978. Between 1960 and 1992, costs per 
ton-mile fell from 16 cents to 11 cents, or an average of 0.15 cents per year, or 
1.1% per year. This average is declining by somewhat less than the within-mode 
numbers - in part because of the increasing importance of trucking in the overall 
share of transportation. 

The rise of trucking has been a major factor in the postwar transportation in- 
dustry. As late as 1947, more than 50% of total transportation spending was on rail. 
Today trucking represents 77.4% of the nation’s freight bill (Bureau of Transporta- 
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Fig. 6. Ton-miles of freight over time. Source: Bureau of Transportation Statistics Annual Reports 



tion Statistics 1994). Of course, as Fig. 6 shows, rail is still the dominant technology 
measured in terms of ton-miles and ton-miles by rail are still rising. However, since 
trucking is more than ten times more expensive on average than rail, it accounts for 
the lion’s share of overall spending on transportation. 

These numbers tell us the costs of moving a ton of goods one mile (on average), 
but to understand how big a cost this actually represents, we need to connect this 
with average length of hauls and with the value of goods transported. Using the 1997 
Commodity Flow Survey (Table 1-52, National Transportation Statistics 2002), we 
have been able to calculate for selected industries the relationship between average 
transport costs and average value. The Commodity Flow Survey tells us both the 
average length of haul, by industry group, and the average value per ton in this 
industry grouping. In Table 1 , we then multiply that average haul by 2.4 cents (for 
rail transport) and 26 cents (for truck transport) to give two different estimates of 
the costs of transporting the goods. 

The first column of Table 1 describes the industry; fuller descriptions are avail- 
able in the commodity flow survey. The second column gives the total value of 
shipments of these industries in 1997. The third column shows the total ton-miles 
travelled by this industry and the fourth column gives the value per ton. This is cal- 
culated by dividing total value by total tons. Column five shows the average length 
of haul. In Columns six and seven, we multiplied column five by 2.4 cents and 26 
cents, respectively, and then divided by the average value per ton. This calculation 
is meant to give us the transport cost, relative to value, if the good is shipped by 
rail and truck, respectively. 

Naturally, the length of haul is itself endogenous. Commodities with lots of 
bulk tend not to be shipped far. Indeed, the relationship between value per ton and 
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Table 1. Transportation costs and commodity value, selected industries 



Commodity 

description 


Value 
($ billion) 


Ton-miles 

(billion) 


Value per 
ton ($) 


Average 
miles per 
shipment 


Shipping 

costs/value 

(Rail) 


Shipping 

costs/value 

(Truck) 


Meat, fish, 
seafood, and 
their preparations 


183.8 


36.4 


2,312 


137 


0.001 


0.015 


Milled grain products, 
preparations, and 
bakery products 


109.9 


48.5 


1,069 


122 


0.003 


0.029 


Alcoholic beverages 


87.9 


27.8 


1,085 


58 


0.001 


0.013 


Tobacco products 


56.4 


1.0 


13,661 


296 


0.0005 


0.006 


Gasoline and 
aviation turbine fuel 


217.1 


136.6 


225 


45 


0.005 


0.052 


Basic chemicals 


159.6 


136.8 


539 


332 


0.014 


0.160 


Pharmaceutical 

products 


224.4 


5.6 


22,678 


692 


0.0007 


0.008 


Chemical 
products and 
preparations (NEC) 


209.5 


45.0 


2,276 


333 


0.004 


0.038 


Plastics 
and rubber 


278.8 


69.1 


2,138 


451 


0.005 


0.054 


Wood products 


126.4 


96.9 


384 


287 


0.018 


0.194 


Printed products 


260.3 


22.8 


3,335 


431 


0.003 


0.033 


Textiles, leather, 
and articles of 
textiles or leather 


379.2 


24.7 


8,266 


912 


0.003 


0.028 


Base metal in 
primary or semi- 
finished forms 
and in finished 
basic shapes 


285.7 


117.5 


851 


276 


0.008 


0.084 


Articles of 
base metal 


227.2 


48.7 


2,133 


403 


0.005 


0.049 


Machinery 


417.1 


27.0 


8,356 


356 


0.001 


0.010 


Electronic and 
electrical equipment, 
components and 
office equipment 


869.7 


27.1 


21,955 


640 


0.0007 


0.008 


Motorised and 
other vehicles 
(including parts) 


571.0 


45.9 


5,822 


278 


0.001 


0.012 



Source: National Transportation Statistics 2002 and authors’ calculations assuming that the cost per 
ton-mile is 26 cents by truck and 2.4 cents by rail. 
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Fig. 7. Distance and value per ton. Source: National Transportation Statistics, 2001, Table 1-52 




average length of haul is comfortingly tight (shown in Fig. 7). The regression line 
is: 

Log(Miles per Average Haul)= 3.22 -|- 0.32 x Log(Average Dollars per Ton) 



where = 0.56, the standard errors in parentheses, and the number of observa- 
tions is 42. Dollars per ton is the inverse of tons per dollar or the average weight of 
a fixed value of goods. If the costs of shipment are roughly proportional to weight, 
then this suggests that as transport costs rise by 10%, the average length of distance 
between supplier and consumer falls by —3.2%. 

Despite the endogeneity, these numbers can inform us about the importance of 
transport costs across a number of industries. Transport costs for some industries 
still appear to be quite important. For example, if wood products were shipped 
their average haul of 287 miles by truck, this would cost approximate one-fifth 
of the value of the shipment. If base metal was shipped its average haul of 276 
miles by truck, transport would eat up 8.4% of the value of the commodity. Other 
commodities, such as basic chemicals or plastics and rubber, also feature significant 
transport costs, at least if shipped by truck. 

However, many bigger industries all face trivial transportation costs. For ma- 
chinery, electrical equipment and transportation equipment costs are always less 
than 1.2% of total product if shipped by truck and one-tenth of 1% of total product 
if shipped by rail. These three industries together account for one-quarter of the 
value of all shipments within the US, and 36% of all shipments (measured by value) 
fall in this very low cost category. Indeed, these calculations suggest that only 18% 
of all shipments occur in industries where transport costs are more than 6% of total 
value - even if all transport was by truck. If we assume that all industries with an 
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Fig. 8. Ton-miles divided by GDP (in 2001 dollars). Source: Bureau of Transportation Statistics Annual 
Reports 



average haul above 400 miles uses rail, then 80% of all shipments (again by value) 
occur in industries where transport costs are less than 4% of total value. 

The previous discussion clarifies that effective transportation costs depend as 
much on value per ton as on the real costs of transport. In general, just as there is a 
secular trend towards lower real transport costs, there is a secular trend in the value 
of dollars per shipment. While Fig. 5 showed that shipments were rising, this figure 
was not normed relative to GDP. In Fig. 8, we show total ton-miles in the economy 
divided by GDP. As the figure shows, a downward trend reflects increasing value of 
commodities shipped (and an increasing reliance on the service sector). Not only 
is transport becoming cheaper, it is also becoming less important relative to GDP. 
Another aspect of the cost of moving goods is the time cost; and other authors have 
documented the rapid decline of time costs over a 300-year period, 1658-1966, in 
moving goods between cities. (For an example of the time costs in shipping between 
Edinburgh and London, see Janelle 1968.) These two effects reinforce each other 
so that the full-cost of transporting goods - money costs plus time costs - is also 
rapidly declining over time. 

Transport costs of course still remain expensive in one area - the movement of 
human beings. While the car has simplified the movement of people within cities, 
and the airplane has greatly facilitated movement between cities, these technologies 
still represent large amounts of our national resources. Indeed, according to the 
2001 Consumer Expenditure Survey, 18% of total expenditures for the average 
household is spent on vehicle purchases, gasoline and other vehicular expenses 
(e.g., insurance). This cash cost fails to include the far more important time costs 
of moving people, and these time costs are not withering away with technological 
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progress. Instead, as wages continue to rise, these time costs should rise roughly in 
proportion to wages. 

Table 2 reports trends in the movement of people within cities^ over the three- 
decade period 1980-2000. Data are shown for the 10 largest urbanised areas in 
the United States and for size-class averages for 75 small, medium, large and very 
large cities. Various measures of congestion are taken from the Texas Transportation 
Institutes’s (TTI) 2002 Urban Mobility Report (Schrank and Lomax 2002) and 
include the travel time index, the percentage of daily travel in congestion, and 
the average annual hours of delay. The travel time index shows the amount of 
additional time (in percentage terms) that would be required to make a trip because 
of congested conditions of the roadways. For example, the largest travel time index 
is 1.90 for Los Angeles in 2000, which implies that it would take a traveller about 
90% longer to make a given trip during peak periods than if the person could move 
at freeflow speeds. Also reported are average travel times for work trips. 

An overwhelming pattern emerges from examining the table: over the past three 
decades, congestion and delay have been increasing in all size classes of cities, not 
just the very large urban areas. For all 75 urbanised areas taken together, on average 
the annual delay increased by over 280%, with the most dramatic increase occurring 
for large cities - those between 1 and 3 million - about 450% percent. For small 
cities, ranging from 100,000-500,000, the delay has increased by over 300%. Real 
incomes per capita have, at the same time, been rising, about 25% for the combined 
75 metropolitan areas. Both trends reinforce our contention that people-moving 
costs are not declining within US cities. The pattern with respect to commute times 
is similar, but not as dramatic. Between 1980 and 2000, commute times rose by 
about 13% for the combined 75 areas. On average commute times are greater in 
larger cities for each of the decades, but the time pattern differs. Average commute 
times rose in all 10 of the very large urbanised areas and in all size classes between 
1990 and 2000, but a few (New York, Chicago, and Houston) experienced shorter 
average commutes between 1980 and 1990. 

We end this section by concluding that transport costs for goods are not neg- 
ligible, but they are low and getting lower. Across all modes, transport costs are 
declining and the economy is moving away from producing high bulk products and 
toward more expensive products where transport costs are less relevant. As such, 
transportation costs, at least for goods, should play an increasingly irrelevant role 
in the urban economy. Conversely, as the costs of moving people are certainly not 
disappearing, these should continue to be a dominating presence in the structure 
of urban form. An open question remains whether improvements in the Internet 
and other forms of information technology will reduce the demand for face-to-face 
contact altogether.^ 



^ In this table we use the concept of “urbanised area” as defined by the Census where the geographic 
extent of the city is defined by minimum population density. 

^ Caspar and Glaeser ( 1 998) argue that the implications of information technology for the city depend 
on whether face-to-face contact is a substitute or complement to electronic interactions (see also Kolko 
2000a). 
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Table 2. Trends in commuting and congestion for US metropolitan areas® 



Metropolitan Area® 


Year^ 


Popu- 
lation 
(X 1,000) 


Travel time 
index 


Daily 
travel in 
congestion 
(%) 


Delay per 

person 

(hrs/yr) 


Mean travel 
time to 
work (min) 


Real income 
per capita 
($1982-1984) 


Very large (> 3 million in 2000) 












New York 


1980 


15,500 


1.13 


14 


6 


32.3 


11,088 


NY-North- 


1990 


15,925 


1.31 


27 


18 


31.3 


14,887 


eastern NJ 


2000 


17,090 


1.41 


35 


23 


35.1 


15,616 


Los Angeles CA 


1980 


9,900 


1.34 


31 


22 


24.1 


11,738 




1990 


11,420 


1.91 


42 


63 


26.2 


13,587 




2000 


12,680 


1.90 


45 


62 


28.7 


12,615 


Chicago 


1980 


7,080 


1.19 


23 


7 


31.6 


11,716 


IL-Northwestem 


1990 


7,510 


1.37 


35 


18 


28.5 


13,298 


IN 


2000 


8,090 


1.47 


40 


27 


31.2 


14,812 


Philadelphia 


1980 


4,090 


1.11 


16 


5 


26.0 


10,168 


PA-NJ 


1990 


4,370 


1.18 


23 


9 


24.9 


12,959 




2000 


4,590 


1.28 


30 


15 


28.2 


14,286 


San Francisco- 


1980 


3,290 


1.21 


27 


12 


25.2 


13,219 


Oakland CA 


1990 


3,675 


1.50 


41 


37 


26.5 


16,293 




2000 


4,030 


1.59 


41 


41 


29.9 


18,151 


Detroit MI 


1980 


3,810 


1.12 


17 


7 


22.9 


11,767 




1990 


4,000 


1.28 


30 


20 


23.1 


12,723 




2000 


4,025 


1.34 


35 


25 


26.0 


14,702 


Dallas-Fort 


1980 


2,450 


1.07 


9 


6 


22.4 


11,660 


Worth TX 


1990 


3,150 


1.18 


19 


18 


23.5 


13,135 




2000 


3,800 


1.33 


29 


37 


26.8 


14,262 


Washington 


1980 


2,700 


1.18 


25 


10 


28.1 


14,355 


DC-MD-VA 


1990 


3,100 


1.34 


37 


22 


29.0 


17,578 




2000 


3,560 


1.46 


40 


35 


32.2 


18,948 


Houston TX 


1980 


2,400 


1.28 


26 


19 


26.2 


12,540 




1990 


2,880 


1.31 


28 


18 


25.9 


12,404 




2000 


3,375 


1.38 


33 


36 


28.4 


13,115 


Boston MA 


1980 


2,850 


1.14 


16 


9 


23.1 


11,113 




1990 


2,955 


1.27 


30 


18 


24.1 


15,456 




2000 


3,025 


1.45 


38 


28 


28.3 


16,760 


Average by size class in 2000 














Very large 


1980 


5,407 


1.20 


22 


10 


27.3 


11,937 


(> 3 million) 


1990 


5,899 


1.47 


23 


28 


27.5 


14,232 




2000 


6,427 


1.53 


38 


35 


30.6 


15,327 


Large 


1980 


1,214 


1.08 


13 


4 


21.8 


10,952 


(1-3 million) 


1990 


1,398 


1.18 


23 


12 


22.4 


12,393 




2000 


1,664 


1.30 


32 


22 


25.5 


13,629 


Medium 


1980 


542 


1.05 


8 


2 


19.8 


10,148 


(0.5-1 million) 


1990 


615 


1.09 


14 


6 


20.3 


11,644 




2000 


710 


1.18 


23 


14 


22.8 


13,231 


Small 


1980 


196 


1.03 


6 


2 


18.1 


9,732 


(0. 1-0.5 million) 


1990 


224 


1.06 


9 


4 


18.8 


10,374 




2000 


274 


1.11 


15 


7 


21.3 


11,513 


All sizes 


1980 


1,395 


1.14 


17 


7 


24.3 


10,626 


(75 metro areas) 


1990 


1,560 


1.31 


26 


19 


24.6 


12,052 




2000 


1,772 


1.39 


33 


27 


27.5 


13,350 



Notes: ® We use the concept “urbanised areas” as defined by the Census. 

^ For rows labelled “1980” data in columns 2-5 are for 1982, the earliest year reported by TTI. 

Sources: Columns 2-5 from The 2002 Urban Mobility Study, Texas Transportation Institute (TTI), Texas 
A«feM University System, June 2002, http://mobility.tamu.edu/ums/. Columns 6-7 from various US Censuses: Ta- 
ble 118,124 from Vol. 1, Ch. C 1980 Census of Population-, 1990 STF3C and 2000 SF3C available from 
http://factfinder.census.gov/servlet/BasicFactsServlet 
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3 Implications for cities and regions of the decline of transport costs for goods 

We documented in the previous section that transport costs in 1900 were high 
and have been falling throughout the past century. Other facts also support the 
relevance of the new economic geography as a tool for understanding nineteenth 
century American geography. Natural resources were a large share of the economy. 
In 1900, 40% of the labour force worked on farms (Historical Statistics of the 
United States, Dl-10). Another 600,000 worked in mines. In the non-agricultural 
sector, manufacturing dominated services. There were 5.4 million manufacturing 
workers and only 1.7 million workers in services in 1900. Manufacturing, unlike 
services, displayed then (as now) the large fixed costs and returns to scale that are 
a critical element in the Krugman model. 

Furthermore, there are two other important aspects of transportation technolo- 
gies not highlighted in the new economic geography, but which are also important 
for the structure of cities. Water-borne transport remained important. As late as 
1924, water borne domestic tonnage was about one-fifth that of rail tonnage. All rel- 
evant forms of transportation technologies in 1900 also displayed significant scale 
economies that created centralisation. Having dozens of railroad stations spread 
throughout a city did not pay, and major stations were centred in a particularly 
large area. Rail is optimally organised in a hub and spokes network that naturally 
led to large rail centres (such as Chicago). The transportation technologies without 
these fixed costs in 1900 were walking and, to a much less significant degree, riding. 
Individuals primarily had to reach their homes on foot. 

Together these facts help us better understand American economic geography at 
the end of the last century. People are situated across the hinterland where the prox- 
imity to natural resources and saving on transport costs by crowding manufacturing 
activities together, and are close to ports or rail depots. Moreover, the rail depots 
and ports create the natural city centres, which then produce the monocentric cities 
modelled by Alonso, Muth and Mills. Fixed infrastructure, which facilitates the 
shipping of manufactured goods and the commuting of workers, created a natural 
centre for the city. Workers then spread out around that centre in patterns suggested 
by the classics of urban economic theory. 

Much of this has changed over the twentieth century. We have already discussed 
the declining importance of transport costs and the switch from fixed cost intensive 
means of shipping (rail) to more flexible shipping (truck). Likewise for individual 
consumers there has been a decreased importance of public transportation, which 
also created natural agglomerations - and a rise in the car, which had no need for 
hub or spokes. Natural resources have become far less important; in the 2000 census 
1.9% of workers laboured in agriculture, fishing, forestry, and mining. Manufac- 
turing has declined as well and now represents only 14.1% of the economy. More 
than 50% of the economy now works in various service industries. 

These facts are well known, but their implications for economic geography are 
surely understudied. To these facts we would add several other points. While natural 
resources are an increasingly irrelevant part of production, they are an important 
part of consumption. Space differs significantly in its natural endowment of warm 
weather and rainfall. These factors are the exogenous forces that make the US 
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Fig. 9. Income in 1989 and density in 1990. Note: The regression line has a slope of 2055.6 (standard 
error of 60), and an B? of 27.4 percent 




something other than a featureless plane. Differences in government policy will 
also differentiate space, although they are certainly less exogenous. Holmes (1998) 
uses discontinuities at borders to show how state policy impacts local employment. 
In the housing market as well, differences across areas in the degree of regulation are 
extremely important. Since the 1970s, some states, such as California and Oregon, 
have sharply limited new housing production; Texas has not. In a service economy 
where transport costs are small and natural productive resources nearly irrelevant, 
weather and government stand as the features, which should increasingly determine 
the location of people. 

At the top of these layers of “innate” factors are production and transportation 
technologies. Agglomeration economies appear to be as important as always. People 
in dense areas are more productive and earn more (Ciccone and Hall 1996). In a 
competitive labour context income should reflect the marginal product of labour. 
Figure 9 shows the relationship between and density across counties and suggests 
that a 10% increase in county density corresponds to a 206 dollar increase in median 
household income. Some of this relationship is due to higher skilled people living 
in dense areas, but if we control for schooling we find: 

Log(Income) = 8.76 + 0.06 x Log(Density) + 0.016 

( 0 . 02 ) ( 0 . 002 ) ( 0 . 0005 ) 

X Share w. BA + 0.015 x Share w.HS (2) 

( 0 . 0004 ) 

where B?' = 0.64, standard errors are in parentheses, and there are 3,109 counties 
in the regression. Income refers to median household income in 1989, density is 
people per square mile, share w. BA refers to the percentage of the population over 
age 25 with college degrees, share w. HS, refers to the percentage of the population 
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over age 25 with high school degrees only.^ There are many reasons to be sceptical 
about evidence of this kind. Controlling for these obvious schooling measures does 
not guarantee that we have controlled adequately for all forms of omitted ability 
(Glaeser and Mare 2001, for an extensive discussion of these issues in the urban 
context).^ Nonetheless, it is impossible not to start at least with the view that there 
remain massive economies from agglomeration. 

Where do these agglomeration economies come from? If there really were no 
transport costs, it is certainly true that agglomeration economies could not exist. 
There would be little possible reason for there to exist any differences across space, 
because without transport costs, anyone could costlessly access any other person 
or firm on the planet. As such, transport costs are still important, but the relevant 
transport costs are likely to be for moving people, not goods. The advantages from 
proximity to other people appear to come from saving the costs of providing and 
acquiring services and from improving the flow of knowledge. There has been 
much useful work on this in the past, and hopefully further work will help us better 
understand why these agglomeration effects are so critical. Regardless of the 
cause, it seems certain that proximity will remain important and likely continue to 
be true well into the future. 

However, while proximity matters, the form of proximity certainly has changed. 
The dominant nineteenth century mode of individual transportation - walking - 
has allowed people to travel one to two miles in a 30-minute walk. The automobile 
allows people to move between 15 and 30 miles during the same time. While 
the reduction of transport costs for goods has freed people from living close to 
natural resources and has facilitated concentration within a region, the reduction 
of transport costs for people has meant that individuals can live at much lower 
densities and still enjoy the advantages of proximity. 

The second significant transport technology change is the reduced importance of 
public transportation, ports, rail hubs, and other massive infrastructure centres. 
These centres provided cities with natural cores, and their absence means that 
cities can sprawl without limit. As such, we have moved from monocentric cities 
to polycentric regions, which are polycentric or rather uncentred entirely. This 
change is a major reason why increasingly relevant economic units are regions, 
rather than urban cores. 



^ The connection between average income and density is also strong but the estimated elasticity is 
smaller. 

^ The interpretation of the schooling coefficient is difficult also because it will include any direct 
effect of schooling and human capital spillovers (as in Rauch 1993). 

Many citations to the vast literature on agglomeration economies can be found in Fujita and Thisse 
(2002), several chapters in Henderson and Thisse (forthcoming), and in the review article by Anas et al. 
(1998). 

Some ports, particularly ocean-oriented ports, may continue to flourish. See Chapters 8 and 13 of 
Fujita et al. (1999) or Fujita and Mori (1996). 

Fujita and Ogawa (1982) develop the first theoretical model with simultaneous location of firms 
and households in a linear city. Lucas and Rossi-Hansberg (2002) generalise the Fujita-Ogawa paper to 
a symmetric circular city. Both papers develop various equilibriums including monocentric, poly centric 
or completely mixed cities. 
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Together these changes suggest a natural structure for urban models of the 
twenty-first century. The only innate advantages that matter are consumer ameni- 
ties, and perhaps government policies (which presumably should be treated as 
endogenous). Individual productivity is a function of the number of people within 
reasonable driving distances. There are no natural centres or cores of urban areas. 
While it remains for theorists to develop these models more thoroughly, the impli- 
cations of any model fitting the above description seems clear: we should expect 
to see much less population in the natural resource related sectors of the country 
and much more in pleasant inhabitable areas. We should see continuing agglomer- 
ations, but these agglomerations should be built around the automobile and should 
have few natural centres. There are no natural limits to the sprawl of these agglom- 
erations and there is no reason why the population cannot be centred in a few big 
areas. 

Indeed, the only thing to limit growth of the areas in the long run is continuing 
demand by some consumers for various forms of natural amenities or government 
policies. Without these factors we could possibly all end up in southern California. 
However, because some people like winters and because California regulations 
limit both building and certain forms of economic activity, there are likely to be a 
number of large, sprawling urban areas that dominate the American landscape in 
the future. Moreover, because housing and other infrastructure are durable, these 
changes are happening only slowly, and we still see the remnants of cities built 
around different transport technologies. 



4 Testing the implications of declining transport costs for goods 

We now turn to our evidence on the current state of America’s regions and on the 
twentieth century transformation of economic geography. We review some natural 
implications of the decline in transport costs and assess the evidence that relates to 
them. 



Implication 1: People are no longer tied to natural resources 

This is perhaps the most natural implication of a decline in the importance of 
transport costs. If in 1900, it was advantageous to be nearby natural resources, 
in 2000 this is no longer relevant. Areas once populated because of their natural 
resources should have lost large numbers of inhabitants over the twentieth century. 

We have no perfect measure of these resources; instead we use two proxies. 
First, we use the share of employment in a county that works in agriculture, fishing, 
forestry, or mining. Admittedly, we would prefer to have this measure at the be- 
ginning of our time period, instead of the end, but we think that the inter-temporal 
correlation between these measures is high enough to represent a reasonable mea- 
sure of the importance of innate natural resources in the area. Figure 10 shows 

We will define sprawl simply as decentralised population and employment. Empirically, high levels 
of sprawl would be captured by a large share of a metropolitan area’s population and employment that 
is more than five miles from the central business district. 
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Fig. 10. Population decline and natural resources. Source: US Census, 1920, 1990 and 2000 



the relationship between this employment share and the logarithm of population in 
2000 in the county divided by population of the county in 1920. 

The estimated regression is: 

Population in 2000 \ ^ Natural Resource Employment 

Population in 1920 J ( 0 . 02 ) ( 0 . 15 ) Total Employment 

( 3 ) 

where = 0.22, standard errors are in parentheses, and the number of observations 

is 3,056. The coefficient implies that as the share of employment in natural resources 
rises by 10%, the growth of the county between 1920 and 2000 should be expected 
to fall by 45.2%. This coefficient is strongly robust to other controls. 

A second method of showing this change is to examine the relationship between 
population growth and longitude. In 1990, and we believe in 1900, the centre of the 
US specialised in the production of natural resource based commodities. Indeed, 
the peopling of America was based largely on the demand for agricultural land and 
the desire to exploit America’s rich natural wealth. However, as transport costs fell, 
we should expect to see America hollow out. People should ostensibly leave the 
middle states, which have always had harsh environments, and move to the coasts, 
which are more temperate and provide easier access to Europe and Asia. 

To test this implication Fig. 11 indicates the relationship between popula- 
tion growth and longitude. We have estimated a spline with a break at -100 
degrees longitude. This number was chosen fairly arbitrarily - it is the longitude of 
central Nebraska. The graph shows that the population increased on both coasts and 
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Fig. 11. The emptying of the hinterland, 1920-2000 



declined in the centre. The estimated regression is: 



/ Population in 2000 \ 
\ Population in 1920 / 



— -7.3 - 0.07 X Longitude + 0.03 

(0.35) (0.003) (Less than —100 degrees) (0.002) 

X Longitude (4) 

(More than — 100 degrees) 



where = 0.14, standard errors are in parentheses, and the number of counties is 
3056. Again, this estimated relationship is robust to many other factors. For exam- 
ple, latitude also has a significant effect on growth over this period, but including 
this does not materially impact the coefficients on longitude. We are witnessing the 
rise of the US as a coastal nation, which is emphasised by Rappaport and Sachs 
(2000). While both of these regressions and graphs represent rough proxies, they 
suggest that natural advantages are becoming increasingly irrelevant to the location 
of people and economic activity. 

Of course not every county in the hinterland is declining in relative importance. 
Some communities, especially those with remarkable natural beauty or other con- 
sumer amenities, are actually gaining in population. We explore this effect in the 
next section. 



Implication 2: Consumer-related natural advantages are becoming more important 

Implication 2 is the natural counterpart to implication 1 . If innate productive ad- 
vantages are becoming increasingly irrelevant, then innate consumption advantages 
should become more important. This helps us again to understand the hollowing of 
America. Living in the hinterland has become less valuable, but people would not 
have moved if the coasts did not have other innate attractions. Here we show the 
importance of weather variables in predicting the success of different areas. 
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Fig. 12. The growth of temperate places, 1980-2000 



Because our weather variables are at the city, not county level, we look at the 
relationship between metropolitan area growth and mean January temperatures. 
Data availability limits our focus to the 1980 to 2000 period. Figure 12 shows the 
basic connection. The estimated regression is: 



Log 



/ Population in 2000 \ 
\ Population in 1980 / 



—0.08 + 0.0054 X Jan. Temp. 

( 0 . 02 ) ( 0 . 0005 ) 



( 5 ) 



where = 0.30, standard errors are in parentheses, and there are 275 observations. 

As January temperatures rise by 10 degrees, expected growth over this time period 
is expected to increase by 5.4%. Again, the result is robust to the use of alternative 
controls, and the results are robust to exclusion of cities in California or any other 
individual state. 

Other weather variables, such as average precipitation, are also potent predictors 
of metropolitan growth over this time period. Using county level population data 
and the average January temperature of the largest city in the state, we also see a 
large effect of warm weather on growth over the entire time period. For example, a 
ten-degree increase in state January temperature increases county level population 
growth between 1920 and 1950 by 8%. This is not merely a post-war phenomenon. 

This is not a prediction that everyone will move to California. Of course there 
is no innate problem with all of America living there. California’s total land area is 
approximately 100 million acres, which could comfortably house every American 
family on a one-half acre lot. Two factors tend to break the growth of that area. 
First, some consumers may actually prefer the environmental bundle on the east 
coast or in the south. Second, California itself appears to have decided to use growth 
controls to limit the expansion of the housing stock in the state. Growth controls 
have significantly slowed the development of that state over the past twenty years. 
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Table 3. Distribution of US population by county density level, in percents 



Year 


Share of population ip the 
least dense counties 
(bottom 50%) 


Share of population in the 
dense counties (90-99th 
percentiles) 


Share of population 
in the most dense 
counties (top 1%) 


1920 


19 


30 


20 


1930 


17 


33 


21 


1940 


17 


34 


20 


1950 


14 


38 


19 


1960 


11 


43 


17 


1970 


10 


45 


16 


1980 


10 


45 


13 


1990 


9 


46 


12 


2000 


9 


49 


11 



Source: US Population Census, various years 



Implication 3: Population is increasingly centralised in a few metropolitan regions 

We have argued that the spread of population throughout the hinterland of the United 
States at the beginning of the twentieth century was motivated by a desire to be 
near natural resources. As these resources become less important, there is no longer 
any reason for an urban hierarchy spread across the country. Instead, people need 
only congregate in a few large metropolitan areas where they can reap the benefits 
of agglomerated service economies. We would expect there to be an increasing 
agglomeration of population in a few large areas. 

Table 3 shows the pattern of agglomeration across time. We rank counties by 
their density levels in each decade and ask what share of population lived in the 
50% of counties with the lowest density levels, what share of population lived in 
the 10% of counties with the highest density levels, and what share of population 
lived in the 1% of counties (approximately 30 counties) with the highest density 
levels. The first two figures inform us about the spread of lower density areas. The 
last figure is of more importance to the concentration within particular urban areas, 
and we consider this last column in the next implication. 

The table shows a continuing decline in the share of US population living in the 
least dense counties and a continuing increase in the share of US population living 
in the densest 10% of counties. In 1920 19% of the population lived in the least 
dense half of counties. Eighty years later, that fraction has dropped to 9%. Most of 
this decrease occurred between 1940 and 1960 when the share of the population 
living in low-density counties fell from 17 to 1 1%. 

This fall has been offset by an increase in the medium to high-density counties. 
The second column shows that the share of population living in the top decile of 
counties (ranked by density) but not in the 1% of most dense counties has risen 
from 30% in 1920 to 49% today. Some of this rise is also surely driven by the 
decline in population in the very densest counties, but there remains an impressive 
increase in the proportion of the population living at middle densities. 
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Table 3 reflects the overall rise in the great metropolitan regions which have 
come to dominate American geography. The top six CMS As (New York, Los Ange- 
les, San Francisco, Chicago, Philadelphia, and Washington) alone comprise approx- 
imately one-quarter of the US population. More generally, it is probably correct to 
think that eight great population centres exist in the US: the Boston- Washington cor- 
ridor, the Los Angeles area (perhaps even including Las Vegas), the San Francisco 
Bay area, the Portland-Seattle corridor, Chicago, Atlanta, Miami, and southeastern 
Texas. Each of these areas is relatively compact and it seems likely that altogether 
these areas will continue to attract an increasing share of the US population. 

We think that there are three reasons why there will continue to be a set of 
major metropolitan regions, rather than one.^"^ Historical infrastructure is so vast 
that abandoning regions altogether would be extremely costly. This surely helps us 
understand why, despite its bad weather and increasingly inappropriate location. 
Detroit continues to have five million residents. Heterogeneity of preferences for 
weather will continue to ensure some demand for the East Coast and some for the 
West. Finally, differences in state policies will continue to ensure that not everyone 
moves to Los Angeles. 



Implication 4: People are increasingly decentralised within those regions 

While metropolitan regions have been expanding and people have been leaving 
places in the hinterland, the story within cities is one of decentralisation rather 
than centralisation. As we argued earlier, this can be seen as a natural outcome of 
changes in transportation technology. Rail and water required centralisation around 
hubs. Cars and trucks do not. As a result, there is no reason to centralise around a 
given centre. Moreover, the automobile requires much more space than rail or the 
feet and can facilitate living at much lower densities. 

This helps us understand column three of Table 2, which shows a decline in the 
proportion of the US population living in the very densest counties (approximately 
the top 30). In 1920, 20% of the population lived in those counties. Today, 11% 
of the population lives in these densest areas. To put this fact another way, in both 
1920 and today there are eight counties with more than 10,000 persons per square 
mile. In 1920, those eight counties represented 9% of America’s population. In 
2000, these eight dense counties represent only 4% of the nation. 

Of course, the strongest evidence on decentralisation can be seen within counties 
and there is a vast array of papers and books, documenting both suburbanisation and 
the decentralisation of employment (some of the literature includes Anas et al. 1998; 
Scott and Soja 1998; Small 1996; Song and Small 1994; Garreau 1991; McDonald 
1989). McMillen and Smith (2003) explain how polycentric cities tend to form 
as the population grows. Craig and Kohlhase (2003) document the links between 
employment subcentres and Glaeser and Kahn (2003) document that, in the average 
metropolitan area, less than 20% of employment is in the city centre. As argued 

Empirically, the rank-size rule has been found to hold for many countries, at least for the largest 
cities in the city-size distribution. See Fujita et al. (1999, Chapter 12), and Gabaix and loannides 
(forthcoming). 
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above, sprawl is ultimately the result of changing transportation technologies. The 
automobile enables people to enjoy living on larger lots and requires lower densities 
for effective operation. While declining transport costs have brought people together 
in a few central metropolitan areas, these lower costs have also permitted them to 
spread out. 



Implication 5: High-density housing and public transportation 
are becoming increasingly irrelevant 

As late as 1960 only 64% of the US population drove to work; 12.1% used public 
transportation and 9.9% walked. Certainly there was much more driving than at 
earlier times during the century, but alternative modes of transportation remained 
important and viable. These modes, walking and public transportation, were meant 
for high-density living and indeed they were used primarily in high-density locales. 

As of 2000, according to the 2001 American Community Survey, 88% of Amer- 
icans drove to work (either alone or in carpools). Five percent of Americans used 
public transportation and 2.5% walked to work. Across metropolitan areas, there 
are exactly four metropolitan areas in 1990, where more than 10% of the popula- 
tion used public transportation to get to work. There were only 13 MS As in which 
more than 5% of the population used public transportation in their community. The 
change in transportation technology has finally become complete. Moreover, as 
Glaeser and Kahn (2003) document, the car has now become ubiquitous for almost 
all trips, not Just long commutes to work. This technology has restructured urban 
areas and facilitated lower densities, and as a result, it is the only technology that 
can be used for transportation in those new areas. 

Just as the past century has seen a shift from high-density modes of transporta- 
tion to the single low-density mode of transportation, the revolution in transport 
technology has also meant practically an end to apartment living. Because housing 
is durable, we will have apartments with us for centuries to come, but the data on 
new starts suggests a very strong pattern. Indeed, during much of the late 1960s 
through the early 1970s, multi-unit construction was about as important as single- 
family construction. As late as 1972 there were more units in multi-unit buildings 
being constructed than single-family units. 

But in 2002 there were 1.36 million single-family houses that were started. Of 
these 1.2 million were detached, and the median floor area (of all single-family 
starts) was 2,117 feet. Meanwhile, there were 347,000 apartment building units 
started, and 182,000 in apartment buildings with 20 or more units. These units had 
a median square footage of 1,093 feet. The rise of sprawl has facilitated a switch in 
the housing industry and a relative decline in apartment buildings. This switch has, 
of course, been accompanied by a significant rise in the size of homes occupied by 
Americans, so that today the median house contains 1,692 square feet. 



Implication 6: Services are in dense areas; manufacturing is not 

A natural implication of the claim that transportation costs for people are still high, 
but transportation costs for goods are not, is that services will be located in dense 
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Fig. 13. Services and density 



areas, but manufacturing will be located in places of medium or low density. Since 
manufacturing still requires workers, it seems unlikely that it will be located in the 
lowest density areas. The most likely locations are where land is relatively cheap 
and firms do not have to pay for proximity to consumers. Conversely, services will 
locate in the densest counties, especially those with the most value added. 

Figure 13 shows the relationship between the share of adult employment in 
finance, insurance and real estate, and the logarithm of population over land area 
at the county level. Both variables are at county level. The relationship shown in 
the graph is: 

Employment in FIRE in 1990 

— ^ ^ = 0.023 + 0.0057 

Total Employment (o.ooo?) (o.oooie) 

^ ( Population in 1990 \ 

" ^H counly Land Area j ® 

where 7?^= 0.27, standard errors are in parentheses and there are 3,109 observations. 
The coefficient means that as density doubles, the share working in this industry 
increases by 57%. This is a small sector of the economy, but it is particularly likely 
to be located in high-density areas. 

The relationship for the larger service sector is: 

Employment in Services in 1990 ^ ^ ^ 

— ^ ^ ^ ; = 0.19 + 0.0058 

Total Employment ( 0 . 002 ) ( 0 . 0005 ) 

/ Population in 1 990 \ 

\ County Land Area / 

where = 0.04, standard errors are in parentheses, and there are 3,109 observa- 
tions. Services are spread much more evenly than finance, insurance and real estate. 
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Fig. 14. Manufacturing and density 



but there is still a strongly significant tendency for services to be disproportionate 
in high“density areas. The magnitude of this effect is that services represent 20% of 
employment in the lowest density counties and rise to include 27% of employment 
in the densest areas. 

As shown in Fig. 14, the relationship between manufacturing and density is 
non-monotonic and appears to be highest in middle-density regions. As discussed 
earlier, only 10% of the population lives in those counties with the lowest density 
levels, and manufacturing does not locate there either. Indeed, these low density 
places are heavily based in the agricultural, fishing, forestry and mining sector of 
the economy. On average, 16% of the employment in counties with density levels 
below the median are in this sector. By contrast in the counties with density levels in 
the top ten-tenth of U.S. counties, only 1.6 % of employment is in this sector. Once 
we exclude these unpopulated areas, the relationship between manufacturing and 
density is strongly negative. Across the densest one-half of counties, we estimate: 



Employment in Manufacturing ^ 
Total Employment (o’oi) 



^ X / Population m 1990 \ 

0.02 X Log ( — — — I 

( 0 . 002 ) \ County Land Area J 

( 8 ) 



where = 0.06, standard errors are in parentheses, and the number of observa- 
tions is 1,554. The relationship is not overwhelming, but it is generally true that 
manufacturing is not located in the highest density tracts, just as we would expect 
if manufactured goods are inexpensive to ship. 
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Implication 7: The location of manufacturing firms is not driven by proximity to 
customers or suppliers, the location of service firms is determined by proximity 

Dumais et al. (1997) examine the determinants of co-location of manufacturing 
industries. The article identifies which industries locate near one another using the 
Longitudinal Research Database of the Census Bureau. In particular, the authors use 
input-output tables to determine which industries buy from and sell to each other. 
Then using these relationships, they ask whether industries that interact in this way 
also have a tendency to co-locate. They find that a one-standard deviation increase 
in the degree of inter-industry purchases increases the amount of co-location by 
one-twentieth of a standard deviation. The coefficient is quite significant but small 
in magnitude. 

This finding can be compared to the tendency of industries that use the same 
labour to locate near one another. The article finds that a one-standard deviation 
increase in the degree to which industries hire the same type of workers is correlated 
with a 0.4 standard deviation increase in the degree of co-location. Thus, using the 
same workers is approximately eight times more likely to increase the degree of 
co-location than are trade relationships. To us, this suggests the importance of the 
costs of moving people, but that moving goods is sufficiently cheap so that it does 
not largely affect the location decision. 

Kolko (2000b) repeated this experiment with service industries. As in the case 
of manufacturing industries, he finds that service industries using the same type 
of labour locate near one another. However, he also finds that service industries 
buying from or selling to each are also likely to co-locate, and the magnitude of 
these trade variables is essentially comparable to the magnitude of the labour-related 
variables. Because services involve face-to-face contact, we interpret these results 
as a confirmation of the continuing importance of transport costs for people. 



Implication 8: Density and education go together 

If cities are about facilitating the contact of individuals, not moving goods, then we 
should expect people with more human capital to live in highly dense areas. This 
implication occurs because these higher human capital people have higher wages 
and thus a higher cost of transporting themselves. Thus we should expect them to 
live in closer proximity. There is also the likelihood that the gains from interaction 
will be higher among the more skilled who also tend to concentrate in more social 
occupations. 

To test this implication, we analysed the relationship between the share of a 
county’s population with college degrees and the density of the county. Figure 15 
shows the strong positive relationship. This estimated regression line is: 

0.079 -h 0.015 
( 0 . 0026 ) ( 0 . 00066 ) 

( Population in 1990\ 

=< County Und Area j 



Population with B.A. Degrees 
Total Population 
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Fig. 15. Density and the share of the population with college degrees. Source: Department of Commerce 
(since 1929), and Historical Statistics of the US (Martin Series) before then 




where B? = 0.14, standard errors are in parentheses, and there are 3,109 obser- 
vations. This is a strong and robust result. People with more human capital live 
in denser counties. Although there are certainly other explanations for this phe- 
nomenon beyond those sketched above, this certainly stands as a significant feature 
of density in today’s urban world. Future models and empirical work will help us 
better understand this phenomenon. 



5 Testing the implications of the increase in time costs for moving people 

While most of our implications centre around the consequences of falling transport 
costs for goods, we would like to end with a conjecture about the potential impacts 
on productivity as people-moving costs increase. As one of the negative aspects 
of high density, congestion may work to counteract the benefits of proximity. For 
small values of congestion, productivity effects are unlikely to be found, but as 
congestion and delays increase, there may eventually be an effect. 



Implication 9: Productivity will decline as congestion exceeds some threshold level 

We conjecture that after some point, congestion increases are likely to be associated 
with a measured decline in worker productivity. How to measure productivity and 
congestion are topics requiring research, but we suggest a first look at the data 
for the year 2000 by using median earnings as the measure of productivity and 
measuring congestion by the variable “annual delay per person”. We use the cities 
in the TTI mobility study (Shrank and Lomax 2002). 
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The estimated regression is: 

Log(median earnings) — 8.7565 + 0.0506 (log population density) 

( 0 . 3491 ) ( 0 . 0383 ) 

+ 0.0124 (%BA^) -f 0.0178 i%HS) 

( 0 . 0019 ) ( 0 . 0035 ) 

+ 0.0124 (delay) - 0.00013 (delay)^ (10) 

( 0 . 0030 ) (- 0 . 00006 ) 

where B? = 0.63, standard errors are in parentheses, and the number of urbanised 
areas is 71. The variable “%BA+” is the percent of the population over age 25 
whose highest degree attained is a bachelors or higher; “%HS” is the percent of the 
population over age 25 with a high school diploma as the highest level of education 
attained. Congestion effects are measured by linear and quadratic terms of “delay,” 
which is the annual hours of delay per person as calculated by the TTI (Schrank and 
Lomax 2002). The education and congestion variables are strongly significant while 
population density is insignificant (p- value = 0. 19). Based on the coefficients on the 
delay-quadratic form, we calculate that negative impacts of congestion may become 
apparent after about 47 hours of delay per person hours [= 0.0124 / (2x0.00013)]. 
In our dataset the variable delay ranges from 2-62 hours, but only one city, Los 
Angeles, averages more than 47 hours of delay per person each year. Our results 
are preliminary, but suggest that if the trend of increasing congestion continues, 
more and more cities may become subject to productivity declines. 



6 Conclusion 

In this article we have documented that the twentieth century witnessed a remarkable 
decline in transportation costs, at least for the shipment of goods. In the last three 
decades, there appears to have been a rising cost of moving people within cities 
mainly due to increases in road delay. Cities are best regarded as the absence of 
physical space between people and firms. Since cities are ultimately only proximity, 
the demand for cities must come from the desire to eliminate transportation costs 
for goods, people and ideas. A revolution in transportation technologies unfolded 
during the twentieth century; it would have been surprising had a revolution in 
urban form and location not occurred as well. 

There are two major ways in which cities are changing. First, the reduction 
in transportation costs for goods has allowed cities to change their locations and 
their primary functions. Today, cities serve mainly to facilitate contact between 
people. As such, there is little reason for cities to be near natural resources or 
natural transport hubs. Instead, cities should locate where it is pleasant to live 
or where governments are friendly. We think that the movement away from the 
hinterland should best be understood as a flight from natural resources towards 
consumer preferences. The location of manufacturing firms in medium density, not 
high-density counties, is also a natural implication of low transport costs for goods. 

The second way in which cities are changing is internal to the city. The auto- 
mobile has allowed cities to sprawl and eliminated any tendency towards a single 
city centre. These are both features of the twenty-first century. Both of the classics 
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of urban economics, the Alonso-Muth-Mills model and the Krugman-Fujita-Thisse 
new economic geography, need updating. Both frameworks are analytically beau- 
tiful and remarkably apt characterisations of the city of the past. But a new regional 
model, without centres and without transport costs for goods, will better capture 
the future of the city. 

Our view is that such a model would have the following basic elements. First, 
productivity would be a function of agglomeration because there are gains from 
people being able to interact. Second, the key transport mode - the automobile - 
travels much faster on highways than on city streets and is subject to congestion 
effects. Third, physical output is generally relatively costless to ship. Fourth, even 
though output is almost costless to ship, most people produce services that require 
face-to-face interaction. Fifth, land is heterogeneous and some places are nicer 
than others. We hope that the regional models of the future are built around these 
elements. 
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Abstract. Transport costs have always been an important dimension in regional 
science. It is therefore remarkable that regional science and transport economics 
have developed in a rather unconnected way. Although being distinct, the routes 
of the two were parallel, and there are signs that the two fields will get closer to 
each other. This paper further discusses long run trends in transport costs and the 
potential spatial consequences. The main conclusion is that although in terms of 
money and time, the performance of transport has improved enormously, many 
economic activities have not become footloose to the extent as expressed by the 
notion of ‘death of distance’. One of the reasons discussed is the role of transaction 
costs, some being clearly related with distance. 

JEL classification: RO, R4 
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1 Introduction 

Many of the ideas in both regional science and transport economics emerged from 
mainstream economics and, to a lesser extent, engineering. The major issues of 
transportation research had already been introduced during the nineteenth century 
with issues such as the appropriate pricing of uncongested infrastructure in Dupuit’s 
famous example of the bridge, and the identification of the natural monopoly situ- 
ation of the railways. Similarly, von Thiinen’s analysis of agricultural land-use can 
be interpreted as an early study on transport land-use interactions. Early location 
theorists such as Weber (1909) clearly understood the link between location and 
transport, an approach fully developed by Isard (1951). As early as 1928 Predohl 

* The authors thank the guest-editors and an anonymous referee for helpful comments. 
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had proposed a general theory, which integrated the two and showed their relation- 
ship to the mainstream concerns of microeconomics. This was not restated until 
the classic contribution of Moses (1958). Increasingly, however, the technical de- 
velopment of economics during the twentieth century ignored the problems both 
traditions had posed. The treatment of space and time together proved too difficult 
for these new technical traditions of economics, so regional science and transport 
economics set off on two distinct, but parallel, routes. 

Regional science has concerned itself with the basic interaction of space and 
all types of economic activity. Transport economics (we concentrate here on the 
contribution of the more focussed discipline of transport economics rather than the 
wider field of transport research) was dominated by three broad, but interrelated 
issues: the issue of choice, and particularly that of the discrete choice involved in 
choice of mode or destination; the appraisal of transport improvements, and hence 
the evaluation of non-marketed resources such as time; and the institutional and 
market arrangements through which transport was supplied. Curiously, there has 
been only a limited overlap in these interests, and very few scientists have attempted 
to work in both traditions (the present authors claim to be among the rare examples). 
This has led to the interesting treatment of the other’s main interests from each side. 
Regional science has often treated transport as an implicitly perfectly competitive 
black box, so that distance and time became all important, more so than prices 
and costs (and how these would be differently determined by different market 
structures or rules in transport). Conversely, while recognising the imperfections 
of the transport market, transport economists typically assumed that the rest of 
the economy was essentially in perfect competition such that users’ demands for 
transport exactly reflected their willingness to pay. 

Only with the recent development of a more formal spatial economics, the so- 
called “new economic geography”, using - in the words of Paul Krugman (1998) - 
various “tricks” to make the problems more tractable, has there been any tendency 
towards a rapprochement enabling the reintegration of all three traditions, trans- 
portation research, regional science and mainstream economics. Some of the tricks 
tend to ignore the concerns of vested interests. The use of Samuelson’s “iceberg” 
transport costs is an example of this: the failure to account for the ways in which the 
conditions under which transport is supplied may affect transport costs. Whether 
such a process of rapprochement will succeed will depend, at least to some extent, 
on overcoming stubbornly entrenched positions in all three fields. 

In this article we have not set out to provide a comprehensive survey of the vast 
research efforts expounded at the interface of transport economics and regional 
science (for this we refer the reader to a collection of classics such as Berechman 
et al. 1996, or the Handbooks in Transport, edited by Button and Hensher). Our 
more modest aim has been to examine how the two areas of research have treated 
their common interest in space, as represented by distance, and in particular the 
shrinking of distance as a cost in economic activity. In the next section we give a 
closer view to the emergence of regional science as a separate field of research since 
the 1950s. We find that, although the ambitions were to create a multidisciplinary 
forum for research, regional science was in practice forcefully driven by inputs 
from the discipline of economics, which was very dynamic at that time. 
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2 Historical perspective on transport and economics in regional science 

2.1 The early period of regional science 

The 1950s were a period of rapid progress in applied economics. Major steps 
forward were made with respect to linear programming, input-output analysis and 
equilibrium modelling. These innovations deeply impacted on regional science, 
which was in its infancy during that decade. 

An important starting point was the analysis on nonlinear programming by Kuhn 
and Tucker (1951). In the same year Dantzig published his path breaking work on 
linear programming (LP) (maximisation of linear function of variables subject to 
linear inequalities) in the volume edited by Koopmans (1951). This marked the 
beginning of applications in many fields. Also in regional science LP was soon 
taken on board as an important technique. Most papers in the first issue of the 
Journal of Regional Science appearing in 1958 were devoted to applications of 
linear programming, including interregional linear programming, which addressed 
optimisation problems where both location and transportation costs are allowed to 
vary. 

Another popular tool in regional science during that period was input-output 
analysis developed by Leontief around the World War II (Leontief 1941, 1953), 
which had a considerable impact on applied research. Isard (1956) mentions it as 
a powerful tool of analysis (p. 49) and Hirsch (1959) provides an application for 
small areas. Similarly, the work of Arrow and Debreu (1954) on equilibrium models 
would spark a sustained interest in the development of spatial equilibrium models 
(Lefeber 1958; Isard and Ostroff 1958). These models incorporated input-output 
models and LP techniques. A review of their early development can be found in 
Takayama (1996). 

There was another quite popular approach in regional science during the 1950s, 
where transport costs played a vital role, and which was not merely a spin-off of 
economics, i.e., the potential approach based on the gravity model. Interestingly, 
Isard considered the potential approach as an example of pure regional science ( Vol. 
Ill, Papers and Proceedings of the Regional Science Association 1957). However, 
this view on potential models would diminish, as it became clear that potential 
models are closely related to transport demand models, and that these models can 
be derived from standard economic principles. 

Most of the elements mentioned above converge in the research agenda Isard 
(1956) formulated for regional science (pp. 286-287). 

The logical relations between trade theory and location theory need to be thoroughly explored. 

The transport system and rate structure must be considered as variables rather than as fixed 
data. The concept of rational behaviour must be sharpened via game theory ... We need to 
develop . . . operational tools to quantify various relations and to provide cutting tools more 
relevant to policy decisions. Whether we attempt improvement of regional and interregional 
input output models, or linear programming techniques, or industrial complex analysis, or 
projections of gross regional product and its constituents, or gravity models ... .We must be 
able to present and handle more effectively the space economy as a hierarchy of focal points 
and transport and communication routes. 

Although regional science was striving to be multidisciplinary, it was neverthe- 
less strongly oriented towards economics from the start; and this actually continued 
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Table 1. Articles in the Papers and Proceedings of 
the Regional Science Association classified by field 
of study (1955-1959) 



Field 


Number of 
papers 


Percent 


Economics 


66 


62.9 


Geography 


6 


5.7 


Planning 


7 


6.7 


Political science 


4 


3.8 


Regional science in a 






narrow sense (including 






gravity models) 


16 


15.2 


Sociology 


4 


3.8 


Transportation 


2 


1.9 


Total 


105 


100.0 



Source: Rodwin (1959) 



to be the case during the later periods. When we consider the role of transport in 
regional science, it seems to be implicit in early regional science developments. 
But it nevertheless received a high place in Isard’s research agenda. Rodwin (1959) 
provides a similar picture. In his illuminating Regional science - quo vadis analysis, 
he classifies only two out of 105 works appearing in the Papers and Proceedings 
of the Regional Science Association during the first five years as belonging to the 
transport field. This is not to say that transport received little attention; on the con- 
trary, transport played a main role in numerous contributions from the other fields, 
including economics. And, as already mentioned above, transport costs were also 
an indispensable element in the gravity models. 



2.2 Later developments in regional science 

Cities and their transport problems constituted an underdeveloped area in regional 
science of the 1950s. These became a main topic only after Alonso’s seminal work 
on urban land markets (1964), where transport costs are a key factor determining 
city size and shape. Alonso’s work instigated an acceleration of mainly theoretical 
analyses on urban spatial models during the decades thereafter. 

Empirical research was promoted in the 1970s by the development of a number 
of tools and continued to attract researchers well into the 1980s. The introduction of 
binary choice models, with many applications in the transport field - allowing fuller 
use of micro data - offered ample opportunities for empirical research. An impor- 
tant development also took place in the operations research field: location-allocation 
models became a dynamic field with many applications on (public) facilities. An- 
other development already initiated in the 1950s, but only attracting wider attention 
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by the 1 980s, was the emergence of spatial econometrics, which allowed for a proper 
treatment of spatial interdependencies in econometric estimations (Cliff and Ord 
1973; Anselin 1988). Finally, a major development in the 1990s was the emergence 
of the new economic geography, based on the Dixit-Stiglitz model of monopolistic 
competition, which highlights the importance of agglomeration economies (Fujita 
et al. 1999). 

The above sketch of developments in regional science focusses on theories 
and methods, but clearly these developments are also connected to changes in 
the historical context of the past 50 years. Responsiveness regarding problems 
emerging in the real world has always been a characteristic of regional science. The 
methods and tools developed in the 1950s proved very useful in understanding trade 
and specialisation patterns arising during the post war period. Problems related 
to urban housing markets and urban vitality later became evident in the 1960s 
and stimulated development of urban models. Problems concerning the provision 
of adequate infrastructure and public services at various spatial levels have also 
impacted on the direction of research in regional science. More recently, issues of 
congestion and endogenous growth have received much attention in the regional 
science literature. 

Our list of major steps taken in regional science is, of course, selective, but 
transport activities or transport costs clearly play a main role. Reviews, which 
appear each year in The International Regional Science Review, indicate that the 
percentage of articles explicitly focussing on transport themes - including migration 
and spatial interaction modelling - is about 10%. (This figure is computed by 
counting the number of articles in these categories.) In addition, the relevance of 
transport in regional science is obviously larger than merely these themes. Costs 
of spatial interaction play a role in many of the other regional science fields such 
as spatial labour markets, economic growth and development, land-use and urban 
form, and interregional modelling. 

2.3 Evolution of regional science compared with transportation research 

On the fiftieth anniversary of the Regional Science Association, it is interesting to 
compare the evolution of regional science with that of transportation research. Both 
can be characterised as multidisciplinary forums of researchers who address com- 
mon fields of application. Both have inherited from the discipline of economics. 
And both were active in fields already partly covered by settled disciplines: regional 
science by geographers and transportation research by engineers. These disciplines 
had their own organisations, sometimes with a long history such as the Transporta- 
tion Research Board (TRB) in the US. 

However, the two fields have developed in somewhat different ways. In re- 
gional science the developments soon led to the publication of separate scientific 
journals alongside existing geographical journals such as Economic Geography. 
Main publication outlets were already established in the 1950s {Papers and Pro- 
ceedings of the Regional Science Association first appeared in 1955; Journal of 
Regional Science was launched in 1958). National organisations of engineers were 
already strong in the transport field, and typically had the enthusiastic participation 
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of practitioners. Some had their own national journals, but their scientific orienta- 
tion was generally not particularly strong. The first significant international journal 
in transportation research (Transportation Research) was only launched in 1967. 
The Journal of Transport Economics and Policy appeared that same year and had 
a distinct uni-disciplinary orientation towards economics. 

The second difference is that the RSA was a strong organisation in its field. 
It was no coincidence that the RSA attached its own name to the first regional 
science journal (Papers and Proceedings of the Regional Science Association). 
Only by 1991 did the name RSA(I) receive a less prominent position on the cover 
of this journal (Papers in Regional Science). The journal simultaneously changed 
from that of one dedicated to the publication of conference proceedings, to one 
of international, peer-reviewed articles based on free-standing submissions. Within 
the transportation research field, the World Conference for Transportation Research 
organisation was later initiated, due to competition from other national engineering- 
oriented organisations. This organisation already existed for a considerable period 
before it adopted Transport Policy (begun in 1993) as its journal. 

The third difference is that RSA soon became a truly international organisation. 
After its start in the US, national RSA sections were soon established in a number 
of European countries and first international European conferences were already 
being held in the early 1 960s. The development of a broad international organisation 
within the transport field took somewhat longer. As indicated above, there were 
already independent national organisations of transport engineers and planners in 
the US and Europe conducting their own meetings. The first World Conference 
in Transportation Research was not organised until 1977, one reason for this time 
gap being that much transport research was directly linked to technical application 
and policy. The growing concern with congestion and transport planning, and the 
need to develop predictive models of transport and traffic, lent urgency to the work 
being carried out. This work was increasingly becoming the province of consultants 
rather than solely being conducted by academics. Thus, practitioner conferences 
such as the Transportation Research Board’s annual meetings provided the natural 
forum for publication. 

Fourth, although both fields continued to have a clear multidisciplinary orien- 
tation, the role of economics has been stronger in regional science compared to 
transportation research. The development of the large-scale transport model, and 
more recently, the land-use transport interaction model, often exceeded the inter- 
ests of economists. For much of the past 50 years the key philosophy in transport, 
especially road transport, was that of “predict and provide”, and this approach had 
less need for economic tools for the allocation of scarce resources. The “predict 
and provide” notion changed during the 1990s in most developed countries into a 
concern first with managing, and then curbing, transport growth. Hence the inter- 
est in economic contributions to transport research has grown once again, and the 
common interests with regional science have again moved to the fore (Standing 
Advisory Committee on Trunk Road Assessment, SACTRA 1999). 
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Table 2. Real costs of ocean shipping (1910 = 100) 



Year 


Cost index 


1750 


298 


1790 


376 


1830 


287 


1870 


196 


1910 


100 


1930 


107 


1960 


47 


1990 


51 



Sources: Crafts and Venables (2001), Dollar (2001), 
Harley (1988), Isserlis (1938) 



3 Long-run development of transport costs 

We start our discussion on the place of transport in regional development with a 
long-run perspective on the development of transport costs. Transport costs are a 
major determinant of spatial interactions, such as trade, tourism, commuting, and 
possibly migration. Transport costs have decreased considerably over the years. 



3.1 Freight transport 

For ocean shipping Crafts and Venables (2001) indicate that real costs fell by about 
83% between 1750 and 1990 (Table 2). However, the reduction did not take place 
gradually: the decrease was particularly rapid between 1830 and 1910, and was 
slower during other periods. The decrease during the period 1830-1870 mainly 
owed to substantial improvements in sailing ships which still dominated ocean 
shipping at that time. The rapid decrease between 1870 and 1910 was obviously 
related to the technological breakthrough of the steamship. A rather striking result 
of this table is that costs of ocean shipping have not decreased since 1960, despite 
the large-scale introduction of the container during this period. 

The generalised costs of shipping not only depend on the monetary costs, but 
also on the time costs, including costs of inventory holdings (capital costs depending 
on interest rates), and costs of depreciation. One might expect that for most types 
of goods these time-related costs are moderately sized: small for bulk products, and 
somewhat larger for certain manufactures. However, Hummels (2001) shows that 
data on actual trade flows reveal that transport times have a greater impact relative to 
the transport costs than one would expect merely on the basis of the inventory costs. 
This implies a much higher willingness to pay for transport time reductions than one 
might have expected on the basis of the capital costs involved. This could reveal a 
high estimate of the costs of depreciation. Indeed, Hummels finds high estimates of 
the willingness to pay for transport time reductions in manufactured goods such as 
office machines: each day in transit is estimated to be worth 2.2% or the value of the 
good being shipped, thus underscoring the importance of speed increases in ocean 




236 



P. Rietveld, R. Vickerman 



Table 3. Estimates of transport costs (eurocents per 
ton km) in 1990 prices for various transport modes; 
international transport, The Netherlands 





1900 


1950 


1998 


Rail 


40 


18 


9 


Inland navigation 


15 


7.5 


6 


Road 


110 


40 


20 


Air 


- 


750 


44 



Source: Muconsult (2001) 



shipping. Apparently, the large-scale introduction of containerised shipping during 
the past decades led not to cheaper transport, but it did accelerate the shipping 
process; generalised costs therefore decreased. Compared with airfreight, ocean 
shipping nevertheless remains slow. The high relative importance of time costs has 
led to a notable shift in international freight transport towards airfreight, which 
was reinforced by the trend of substantial increases in speed and level of service in 
airfreight. The real costs of airfreight have also fallen by 75% between 1940 and 
1980 (Dollar 2001). Therefore it is not surprising that, in value terms, the share 
of airfreight in international trade from the US to other countries - excluding its 
immediate neighbours Canada and Mexico where road transport is also important 
- has increased to about 50%. 

A similar estimate of the reduction of inland transport costs is that it had de- 
creased even more quickly, by about 90%, between 1800 and 1910 (Bairoch 1990; 
Crafts and Venables 2001). This was mainly owing to the two major technological 
breakthroughs of this period: the creation of canal systems in major parts of Eu- 
rope and the US, followed by the building of extensive railway systems in virtually 
all countries of the world. The emergence of mass automobile production and the 
highway system in the twentieth century led to further decreases in freight trans- 
port costs. For example, MuConsult (2001) estimates that the real cost per ton km 
in international road transport decreased by about 80% over the last century. The 
implication here is that the initial cost advantage of sea transport compared with 
land transport has become smaller. 

MuConsult (2001) gives a detailed set of transport cost estimates per ton km 
for the last one hundred years. These data refer to The Netherlands, but they also 
undoubtedly provide an adequate description of the main trends in other European 
countries and the US. Results are reported in Table 3. We see that rail, inland 
navigation and road transport experienced rapid decline, with road transport gaining 
the fastest cost improvement. However, improvements in airfreight costs have been 
even more impressive, with a decrease of about 6% per year. This underscores the 
importance of air transport as an attractive transport mode for the export of high 
value goods. 

In addition to the direct monetary costs of these transport modes, changes in 
speeds also have to be considered. Here, changes over the years are less impressive, 
but are nevertheless usually still improving. For example, an ever-increasing share 
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Table 4. World merchandise exports as a ratio of world 
GDP 



Year 


Exports/GDP (%) 


1820 


1.0 


1870 


4.6 


1913 


7.9 


1929 


9.0 


1950 


5.5 


1973 


10.5 


1998 


17.2 



Source: Maddison (2001) 



of road transport is realised on expressways; more powerful motors have led to 
slight speed increases in inland navigation; and in aviation, cruising speeds have 
increased. The rising volume of flows has also allowed for the supply of more fre- 
quent services, implying lower scheduling costs. However, less is known about the 
impacts of congestion on transport times and reliability. Because road congestion 
mainly takes place in and around major metropolitan areas, one may safely assume 
that congestion affects local and regional transport much more than long distance 
transport. 

Improvements in transport costs and transport speeds have had a substantial 
impact on international trade. For example, Maddison (2001) shows that merchan- 
dise exports have grown faster than national economies (Table 4). The decrease of 
world trade relative to GDP between 1929 and 1950 was mainly due to the increase 
of various trade barriers during that time. Interestingly, the rapid increase in the 
share of exports since 1950 cannot be explained by the decreased cost of sea freight 
activities. Reduction of tariff freight barriers, an increase in the quality of transport 
(time, frequency and reliability), and a modal shift away from sea transport also 
must have influenced this trend. 



3.2 Passenger transport 

In passenger transport speeds have increased in all major transport modes during the 
last century. The speeds reported in Table 5 relate to the average speed for all trips, 
based on total travel time, including access and egress time. Note that the figures 
in this table depend on average travel distances. Since access and egress modes are 
slow, the average speed will increase when travel distances increase. Travel speed 
moreover increases with distance, since a larger part of trips can be realised on 
expressways, by intercity trains, etc. Thus a certain segment of the speed increases 
shown in the table are due to increases of travel distances. However, most of the 
speed increases will be related to improvements of infrastructures, network design, 
vehicle power, and frequencies. The aforementioned reasoning indicates that when 
the quality of a transport network increases allowing higher speeds so that people 
start using it for longer distances, there is a secondary reinforcing effect on speed 
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Table 5. Travel speeds in km/hour for an average trip 
(including access and egress time) in The Netherlands 





1900 


1950 


1990 


Car 


15 


33 


43 


Train 


18 


26 


40 


Bus/tram/metro 


9.5 


15 


20 


Motorbike 


- 


20 


23 


Plane 


- 


75 


200 



Source: MuConsult (2(X)1) 



Table 6. Monetary costs in eurocent per km for an average 
trip (including access and egress mode); prices of 1990, 
The Netherlands 





1900 


1950 


1990 


Car 


575 


95 


59 


Train 


37 


18 


13 


Bus/tram/metro 


132 


40 


14 


Plane 


- 


no 


90 



Source: MuConsult (2001) 

(Rietveld et al. 1999). There is of course also a negative rebound effect on speeds 
when quality improvements lead to higher demand and hence to congestion, but in 
the present context the positive effects tend to dominate the negative effect. 

The monetary costs of passenger transport are presented in Table 6. Transport 
costs per km decreased for all transport modes during the past century. The most 
rapid decrease can be observed for the car. The decrease of public transport fares can 
be partly explained by the introduction in the 1960s of public transport subsidies. 
Without subsidies the levels would have been substantially higher. 

The concept of generalised costs can be used to integrate the results for the travel 
time and travel cost developments. We see that the monetary costs experienced 
a stronger decline than the speeds themselves, the exception being air transport. 
However, when one considers generalised costs, the value of time has a large impact. 
Since it is reasonable to assume that the value of time increases with income, the 
weight of the travel time component climbs higher and higher over time. This 
underscores the growing importance of transport time compared with the monetary 
costs of transport. Another implication is that the decrease of generalised travel 
costs per km is not as large as one might perceive on the basis of the tables above. 
As we will indicate below, this has important implications for location patterns of 
various activities. 



3,3 Other dimensions of transport costs 

The above account of long-run development in transport costs focuses on mone- 
tary costs and transport speeds. Basic driving forces behind the improvements are 
changes in vehicle and infrastructure technology, where infrastructure can be dis- 
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tinguished between line and point infrastructure. Organisational issues also play 
a role in transport. For example, in intercontinental container transport, the trans- 
fer of containers from one mode to another, and waiting times in ports, requires a 
substantial chunk of total transport time (for examples in South Asian transport; 
see Subramanian and Arnold 2001). Similarly, the efficient functioning of hub and 
spoke networks in passenger transport critically depends on the co-ordination of 
transport services entering and leaving hubs. Thus transfer points appear to be 
essential elements in the further improvement of transport systems. 

As indicated above, technological improvements have allowed for an ever- 
increasing speed of transport services. Given this development, the percentage of 
the main transport mode in total transport time tends to be decreasing, since access 
modes often improved their performance to the same extent. We can assert then 
that it is fruitless to invest large amounts in high-speed rail when stations are not 
well connected to the rest of the network. Equally futile would be the expansion 
of expressways to overcome congestion, when a subsequent shortage of parking 
spaces compels one to walk long distances to a final destination. Technology and 
organisation in transport nodes of all types and sizes, including seaports, airports, 
inland container terminals, and railway stations - but also simple parking places 
for cars - deserve much attention in future studies on developments in transport 
costs. These transport nodes are also important in the analysis of spatial effects of 
transport changes, because they are not only the connection points between var- 
ious subnetworks, but they also provide the interface between transport systems 
and activity systems. For example, in urban models, transport nodes provide indis- 
pensable information for the representation of the impact of transport networks on 
land-use and land prices (see land use transport interaction models). 

Another issue deserving attention in generalised transport costs concerns reli- 
ability, scheduling costs and comfort. Congestion in networks will lead to lower 
speeds, and this is already incorporated in the speed indicator above. However, as 
soon as congestion attains a non-recurrent character, it not only leads to an increase 
in average travel time but also to an increase in its variance. Because households 
and firms tend to be risk averse with respect to travel time, they would suffer more 
from congestion than one might infer on the basis of average transport times - 
especially in the case of multimodal chains (freight or passenger transport). A ten- 
dency towards unreliability in one subnetwork may have far reaching effects for the 
overall functioning of the networks because travellers can miss their connections. 

This issue is especially important in the case of scheduling costs, when individ- 
uals and firms (for example with just-in-time logistics) aim at starting a particular 
activity at a fixed point in time. As already indicated by Mohring (1976), frequency 
of service has direct implications for scheduling costs. The issues of reliability, 
scheduling and comfort may be expected to play an increasing role in generalised 
transport costs. But for now, little systematic information on them exists. This 
area is strongly underanalysed and deserves greater attention in the future research 
agenda. 
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3.4 Institutions and transport costs 

With the ongoing decline of transport costs one would expect that trade and spatial 
interaction are increasingly oriented towards long distances. Indeed, as indicated 
in Table 4, such a process can be observed. However, there are meanwhile strong 
indications that other factors vigorously discourage long distance interaction. For 
example, McCallum (1995) and Helliwell (1996) demonstrated that international 
trade between the US and Canada is much smaller than one would expect on the 
basis of data on trade between regions within the same country: only about 5-10%. 
Thus there are factors at work that discourage international trade. For telephone 
calls, business traffic and passenger transport Rietveld (2001) found a reduction of 
international interaction levels to about 5 to 50% of the interactions unhampered 
by borders. Interaction between countries using the same language is significantly 
higher than between countries with different languages. 

The previous discussion on institutions and spatial interaction has focused on 
trade.. Similar trends can be observed for migration. Institutional barriers against 
migration were small in the nineteenth century, but with the persistence of in- 
come differences in the world and the constant decline of monetary transport costs 
over the years, one might have expected a large increase in international migration. 
However, with the increasing influence of nation states during the twentieth century 
and heightened anti-immigration sentiments, institutional barriers against migra- 
tion strengthened. For high-income countries such as the US, the UK and other 
European countries, this leads to tensions on the market for migrants. However, 
it is striking that, at the same time within the EU, where large income differences 
continue, and formal impediments against migration have been abolished, the level 
of international migration is low. This is a clear sign of the continued importance 
of non-formal institutional impediments to migration, such as language learning 
difficulties and lack of social contacts in the destination region. 

In a similar way interregional migration flows within European countries may 
be considered as low. Bonds to the present region of residence tend to be strong, 
implying high “psychical costs of moving”. This may be one of the reasons why 
long distance commuting has become a phenomenon of increasing importance: it 
replaces the need for interregional migration. People tend to prefer to change job 
and remain at their residence than vice versa. Apart from attachment to one’s current 
residence and its social network, there are also other reasons in some countries for 
long distance commuting, including imperfections on the housing market, taxation 
of housing and volatility on job markets, so that jobs are interpreted as more tran- 
sitory (van Ommeren 1999). The increasing participation of women in the labour 
market also means that changing residence after a job change of one of the partners 
in a household becomes more difficult. Transport cost developments, such as the 
introduction of high-speed rail, have also contributed to the increase of commuting 
distances. 

Transaction costs have been proposed to explain why cross border interaction 
is so much smaller than interaction without border crossing (van Houtum 1998). 
Transaction costs relate to search, negotiation and contract costs. Institutions have 
been developed to reduce these transaction costs (Westlund 1999). When these 
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institutions have a formal character, they are usually related to territories such as 
nation states. Cross border spatial interaction implies then that rules for interaction 
may differ, leading to additional interaction costs. Since transport costs have de- 
creased so markedly over the years, one may presume that transaction costs have 
become increasingly important as determinants of spatial interaction. 

Non-transport related barriers to spatial interaction are not constant, however. 
Data on trade barriers (financial or in volume) indicate that these have undergone 
various fluctuations. The tendency of the last 40 years has been for these tariff rates 
to decrease (Clemens and Williamson 2001). Important examples of trade barrier 
reductions are the emergence of the EU and NAFTA. Indeed, an important increase 
in international trade has materialised in such common markets. However, there 
are strong indications that in addition to formal trade barriers there are also many 
informal ones. Language differences, for example, tend to reduce spatial interaction 
to about a 50% level. The lack of a common history (for example, related to earlier 
colonial times), the lack of a common religion, and involvement in earlier wars 
or disputes can also negatively impact on trade (Linders et al. 2003). Thus, there 
is reputable evidence suggesting that, even with the abolition of all formal trade 
barriers, large barriers to spatial trade and interaction will remain. To address these 
key social barriers is important for future research on spatial interaction. 

Transaction costs are not only important for border crossing interactions, but 
also for interactions within countries. Trust is the foundation for many types of 
social and commercial interactions (Fukuyama 1995) In order to ensure trust, face- 
to-face contact is important. This leads to a significant distance decay for particular 
types of spatial interactions, thus providing a countervailing force against dispersion 
of activities. With the increase in the value of time, the costs of travel remain high, 
despite the increases in speed, suggesting that proximity remains an important 
factor in location decisions. 



4 The death of distance? 

Ironically, just as there has been a substantial move towards establishing a more 
integrated basis for studying the interactions between transport and the spatial econ- 
omy, the long-run fall in transport costs seems to have reduced the issue of space 
in the modem economy. Moreover stmctural change towards an economy based 
increasingly on the service sector, coupled with the growth of information and 
communications technology (ICT), seems also to have diminished the traditional 
significance of transport. We shall deal shortly with the issues raised by the growth 
of ICT, but here we delineate reasons why talk of the “death of distance” (Caim- 
cross 1997) is unmistakably premature. First, we examine ways in which distance 
has changed in its significance for individual activities; secondly we look at the 
implications of the changing role of distance in order to understand accessibility 
and the relative performance of regions. 

The previous section showed clearly how the last 50 years have been charac- 
terised by increasing speeds and falling real costs of transport. What is perhaps 
more astonishing is the relative constancy of the amount of time spent travelling. 
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For example, despite an increase of over 50% in total distance travelled on aver- 
age in the UK since 1972-1973, and an increase of nearly 30% in the number of 
journeys, the total time spent travelling remained virtually constant over this time 
at just over 350 hours per year (DETR 2000). A key tenet of basic transport theory 
is that transport is a derived demand for an activity which generates no utility of its 
own, and hence it can be viewed as a cost which, ceteris paribus, users would seek 
to minimise. If users appear to have a fairly constant time budget for travel, what 
does this disclose to us about preferences? 

A number of possible reasons can be given, and each has different implica- 
tions for regional science and transport theory. First, the assumption of travel as 
an inconvenience to be minimised could be wrong. This would have significant 
implications for transport theory, since the trade-off between time and money costs 
is the foundation for the evaluation of most transport improvements and time sav- 
ings are, (along with accident reduction), the main drivers of such improvements. 
Secondly, increasing real incomes has resulted in the realisation of preferences for 
increased variety in both the range of goods consumed and the range of activities 
undertaken. Falling transport costs have here been the enabler, which has implica- 
tions for both volume of activities and spatial pattern of demand. This would then 
have implications for transport, since demand forecasts based on an assumption of 
generally stable activity demands and a fixed matrix of trip making would underes- 
timate revealed transport flows. This largely reflects the shift away from a primary 
concern for the peak-hour journey to work, towards a wider range of trip making 
activities. For regional science it becomes necessary to deal with changing patterns 
of transport costs which affect the measurement of basic accessibility. Thirdly, not 
only is it a question of changing destinations, changing activity and transport pat- 
terns can also affect residential location as much as workplace, shopping or leisure 
destinations. The need to consider the longer-term simultaneous optimality of a 
range of locations, which cannot be changed easily or costlessly, has implications 
for the traditional approach to residential- workplace choice. Moreover, interesting 
questions arise concerning the solution of the optimality problem - if we assume 
several individuals acting together within a household - rather than the conventional 
assumption of a single individual acting independently. 

Evidence for these changes can be seen in the way passenger-km have risen 
while average trip levels have remained remarkably constant, and in the shift in 
significance for journey purposes away from work-related to leisure-related travel. 
In the UK, for example, the average distance between home and work has increased 
by a third (from 9.8 km to 13.0 km) over the period 1985-1986 to 1997-1999 (De- 
partment of Energy and Transport, DETR 2000). Meanwhile, the average journey 
length for all journey purposes increased by 25% (8.4 km to 10.5 km). Shopping 
travel increased in length by around 38% (4.7 km to 6.4 km), but so did visiting 
friends and family at home by around 25%, also reflecting the extent to which per- 
sonal networks have changed. Little relative growth in the frequency of journeys 
in the course of business has been recorded, although the actual number of such 
journeys per person increased by around 15%, 1985-1986 to 1997-1999. Average 
journey lengths again increased, but rather less than the average, by about 12% 
(27.8 km to 30.9 km). Here is yet another indication of the greater separation of 
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activities and the ability to travel farther and faster. Evidence shown is for one 
country, but is not atypical of the changes occurring in developed countries across 
the world. 

The data used above excludes the international leg of any international journeys, 
but the most phenomenal growth internationally has been in air traffic. Within the 
EU air travel has increased by more than seven times 1970-1998, while car travel 
increased by nearly two and a half times, and rail travel by just one-third. Air traffic 
(passenger-km) by UK residents within the EU increased by just over 50% 1990- 
1998, about the same as within the EU15 as a whole, and UK residents travelled 
on average 731 km per year by plane within the EU in 1998. The number of visits 
abroad by UK residents increased by 71% between 1986 and 1996; business trips 
increased by 1 14%, holidays by 51%. The increase in journeys to points elsewhere 
in Europe increased by only 57%, whereas those to North America rose by 208%, 
and to countries in the rest of the world increased by 150%. Among individual 
countries the greatest rise was in journeys to Turkey (almost a tenfold increase). 
South Africa, Central and South America, and Japan (all more than trebled) (Office 
for National Statistics, ONS 1997). 

For business and industry there are similar issues at stake. Increasing trade and 
economic integration coupled with the process of globalisation, have led to freight 
traffic, in terms of ton-km, increasing more rapidly than GDP, especially in Europe. 
Since freight trucking operations have become more efficient, and the average 
weight of goods carried has fallen by about 30% in the EU, this implies a substantial 
increase in the average length of haul, on the order of 30-50% (REDEFINE 1999). 
While the volume of freight in the UK carried by road (tonnes) increased by 20% 
between 1980 and 1999, the average length of haul increased by 40% (from 68 to 
95 km). The result is a growth of two-thirds in the amount of freight moved by road 
(ton-kilometres), although vehicle-km only increased by 45%. During this period 
manufacturing output only rose by 26%. More complex logistical patterns have led 
to a need to refine the simple notion of location relative to inputs and markets as used 
by both Weber and Isard (McCann 1995). As the REDEFINE project showed, the 
amount of handling of goods also increased, such that a typical movement involved 
optimising routes through an increasingly complex network of depots and hubs. 

The evidence above shows not so much that distance has become unimportant, 
but that other changes in the economy have predominated. However, if the “tyranny 
of distance” really has been overcome, what are the implications for the spatial 
organisation of the economy as a whole? Would this mean that effective accessibility 
is not only increased, but is also equalised across regions? And would this imply 
increasing equality in the performance of regions? But the evidence indicates that 
regional convergence, at least in terms of GDP per capita, has been occurring in 
most countries and across the EU over the last 50 years. The process is painfully 
slow. Although some individual regions have escaped a situation of relative poverty, 
and others have suffered a slump in their economic performance, the overall pattern 
has remained remarkably stable. A basic core-periphery structure therefore remains 
central to the process of regional change, and a key element in our understanding of 
the role of distance in this process is the definition and implementation of measures 
of accessibility. 
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Accessibility has developed into a major topic of controversy in both the regional 
science and the transport literature. The disagreement seems to arise from confusion 
over whether accessibility is essentially a measure of the price of access to a range of 
activities - or a measure of the welfare achieved from this access. Hence a reduction 
in transport cost, which increases accessibility, can be seen as a reduction in the cost 
of undertaking each of a given range of activities. This may lead to the substitution of 
cheaper for more expensive activities, and would be expected therefore to increase 
welfare. It can also be seen simply as a goal in itself; better accessibility for a 
region means higher welfare. To fully understand this idea we need to consider 
basic concepts in detail. 

First, there is the distinction between partial (or marginal) and aggregate ac- 
cessibility. We can measure access to each of a range of destinations individually 
(marginal accessibility): if we assume a unique relationship between activity and 
destination without substitution possibilities, this can be useful. But as soon as 
substitution is possible it becomes less so. Hence it is more appropriate to measure 
aggregate accessibility, which provides a weighted measure of access to a complete 
set of activities, where the weights can be the frequency of visit, the economic signif- 
icance of the activity or some other indicator. We then obtain a measure sometimes 
referred to as economic potential. The drawback is the necessity to assign weights; 
if these weights change endogenously (i.e., they are dependent on accessibility to 
each activity) we will encounter problems. Similarly, aggregate accessibility is fre- 
quently measured for only one mode at a time; so we confront equivalent problems 
in any attempt to devise a composite measure that disallows endogeneity in the 
choice of best mode. 

The second distinction is between absolute and relative accessibility. Absolute 
accessibility simply measures the situation of any one individual, location or region. 
If transport costs fall accessibility then improves. However, if transport costs fall for 
one location, they are also likely to fall for others - the often over-looked two-way 
road argument (SACTRA 1999). If all transport costs are fully symmetrical, then 
this may not be a problem, but the falls in transport costs we have observed have 
typically not been symmetrical for all regions. Where the fall has resulted from 
the introduction of new modes of transport such as air, high-speed rail or limited 
access highways this is not the case, and we can observe the way that accessibility 
is distorted through space-time mapping or more specific accessibility measures 
(Vickerman et al. 1999). An alternative problem arises where large imbalances in 
flows make it optimal for the transport provider to charge less for transport in the 
less used direction. A region facing a large balance of trade deficit may therefore 
actually benefit from lower freight rates due to the excess capacity on outward 
movements. 

The persistence of the core/periphery structure of the economy, (and by this 
we can refer to world economy, multinational regional economy such as the EU 
or NAFTA, national economy, or sub-national regional economy), is linked with 
the vexing problem of transport and regional scientists alike: congestion. Although 
the formal analysis of congestion in terms of marginal social costs has been a con- 
tribution of transport economics (Walters 1961), the consequences for the spatial 
organisation of the economy are very much the concern of regional scientist (Amott 
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et al. 1993). Nevertheless, much of this development has concerned the analysis 
of highway congestion in the urban context, and relatively few attempts to inte- 
grate the supply of the transport sector as a whole into this framework exist in the 
literature. More obvious are the attempts, for example, by the European Union to 
effect a multi-modal and integrated transport policy to serve the perceived needs 
of both enhancing EU economy competitiveness and achieving greater regional 
convergence (European Commission 2001). 

However, even where transport impact is symmetrical economic impact may 
not be; this is the important insight of the “new economic geography”. Practition- 
ers have shown how transport costs only matter insofar as they inter-relate with 
other factors, particularly the incidence of scale economies and backward and for- 
ward linkages (Krugman 1991, 1998; Venables 1996; SACTRA 1999). This model 
implies that changes in transport costs can have different impacts under different 
circumstances leading to non-continuous responses and the possibility of sudden 
shifts in economic fortune between regions. What this very clearly suggests is that 
reductions in average levels of transport costs have not diminished the importance 
of transport as a factor in the organisation of the spatial economy and the economic 
fortune of regions. 



5 ICT, transport and the spatial economy 

An alternative story, told fairly consistently for over 25 years, is not so much that 
distance and (thus transport) will wither in importance because of falling costs, 
but that physical transport itself will become largely redundant through technical 
progress. The story suggests that most activities will become “footloose”, that the 
basic need for agglomeration to obtain external economies through proximity will 
disappear and communication costs will fall to zero. At the root of this assertion 
is the notion that physical transport will be replaced by electronic communication 
(ICT). However, this version has also introduced the notion of the insignificance of 
transport in the spatial economy rather too prematurely. 

In part, this is motivated by a structural change in the economy that has wit- 
nessed the demise of old heavy transport-intensive industries and their replacement 
by industries for which transport is typically much less than 5% of value-added. 
But as we have seen above, this has prompted a reorganisation, thus leading to 
increased physical transport intensity for individual processes. The overriding con- 
ception has, however, been that the key input to the modem economy is knowledge; 
that the growth of modem communications, in particular e-mail, the internet and 
e-commerce in general, have made this virtually ubiquitous. Businesses can locate 
anywhere and everywhere simultaneously, thus Marshall’s (1920) famous adage 
used in defining the rationale for agglomeration into industrial districts that, “the 
mysteries of the trade become no mysteries because they are as it were in the air”, 
would become figuratively rather than prosaically tme. Similarly, the individual 
would no longer need to commute to work, this being replaced by “telecommut- 
ing”; the workplace would only need visiting infrequently. No longer would it be 
necessary to travel to shop, but instead one would have the choice to purchase online 
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via the internet. Presumably eventually virtual reality images could replace leisure 
travel, and friends and family could communicate via video phones and web-cams. 

That these science fiction images of what early twenty-first century life would 
be like have not come to pass not only suggests that we have been slow to adopt 
such technologies, but that there is also strong resistance in doing so. Indeed, the 
partial adoption of new technologies has changed our way of doing things, not by 
reducing transport and the need for movement, but by actually increasing it. ICT 
thus proves to be a complement to physical transport rather than its substitute. 

The adoption of ICT in business has enabled firms to cultivate and serve wider 
markets, to source inputs over wider areas and, (most significantly for transport), 
monitor consignments throughout. A substantial amount of telecommunications 
traffic is simply related to the arranging of physical transport. The same is true 
for individuals, who can fix appointments rapidly by email and maintain contact 
by mobile phone while travelling. Travel can be arranged quickly on the internet, 
even at the last minute, thus encouraging the booming market in short break hol- 
idays. Shopping on the internet may replace some shopping journeys, but it may 
be replacing the single multi-stop shopping journey of the consumer with a set of 
unco-ordinated deliveries. Over the period 1987-1997, light goods vehicle traf- 
fic in the UK increased double that of heavy goods vehicles (DETR 1999). Even 
where individuals are being liberated to work at least part-time from home can in- 
crease traffic. Working from home can provide many individuals with an even more 
flexible working day such that leisure may replace the commuting trip during the 
daytime. But it may also encourage people - who need only visit their workplace 
two days per week and not at peak times - to consider living farther away from 
their workplace. So rather than a 10 km trip taken five days a week, they make a 
30 km trip two days a week, resulting in a 20% increase in km travelled. 

This shows the importance of considering the link between transport demand 
and activities, whether business or individual, as an interactive process. The degree 
of substitutability of the transport inputs with other inputs is critical - not just for 
the ways goods and activities are produced - but to the level of activity. Through 
this perspective we return to the understanding of early writers such as Predohl, 
and show the importance of an integrated approach to all aspects of the spatial 
economy, including transport. 



6 Conclusion 

As we remarked at the outset, this review is not a comprehensive account of all 
developments at the interface between transport and regional science over the past 
50 years. We have opted for a more eclectic account of how the two areas of research 
have followed independent paths, but have nevertheless overlapped at various times. 
We have focussed particularly on the role of distance, and more specifically on 
the consequences of shrinking distance, because distance (and the time taken to 
overcome it) is the central concern of both traditions. 

Perhaps the greatest challenge for both areas is the recognition that, as distance 
has become in one sense less significant (less costly), it has become more significant 
as a focus of concern. Technical changes in the transport sector and in related 
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areas such as electronic communications, have served not to reduce the amount 
of transport consumed, but to transform the way it is used. Owing to technical 
developments, transport has become cheaper and faster, but transaction costs, some 
being clearly related with distance, have increased in importance. This has posed 
problems for the transport analyst, who can no longer assume that the spatial pattern 
of activities will stay largely unchanged while transport simply seeks to optimise 
how these activities are linked in space. Transaction costs also vex the regional 
scientist, who cannot simply assume that transport can be characterised by measures 
of distance or time as quality and level of service become more important. 

If the problems of providing a sustainable transport system and sustainable 
spatial economy are to be resolved, then there clearly needs to be further integration 
of the approaches discussed above, with respect to the traditions of transport and 
regional science research. Integration issues therefore provide a fairly substantial 
research agenda to motivate the next 50 years of the RSAI. 
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Abstract. This article reviews where we have come from and where we are going 
in research on regional growth and development. Our object of study is the region, 
an imprecise term that has been taken to mean areas as large as small countries 
or as small as urban regions, although how regions are defined does itself have 
implications for both theories and the empirics of regional growth. How growth 
occurs remains a poorly understood process. Clearly the basic ingredients of the 
neo-classical cookbook are important - growth in capital and labour stocks with 
technological change - but they are neither enough nor revealing enough. Why 
does the stock of capital grow at different rates? Why does the labour supply in- 
crease? What drives technical progress? What are the roots of spatial dependence? 
We are fairly certain that the answers to these questions embrace agglomeration 
economies but they also embrace much more. Innovation is associated with research 
and development and has an identifiable spatial pattern in relation to highly skilled 
labour and institutions such as universities. But innovation is not just the result of 
R&D but also entrepreneurship applied to investment. Labour supply responds to 
real wage differentials but also to environmental and other amenities. Labour is far 
more geographically mobile in the New World, however, than it is in the Old. 

JEL classification: R1 1, R50 

Key words: Regional growth, convergence, clusters, mobility, territorial compe- 
tition 

1 Introduction 

Research on regional growth has a long tradition stretching back at least 50 years. 
The early developments were splendidly synthesised in Richardson (1973), a book 
that still has much to offer. Our understanding of regional economic growth and 
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development has progressed since the 1960s, when the Borts and Stein (1964) 
model prevailed. Theory, however, or at least theory as conceived in a rigorous 
logically consistent and formal sense, has not kept pace with empirical and policy 
reality. Perhaps reflecting this somewhat modest theoretical advance, if one were 
to do a simple title count, the largest number of items would still be within a 
quite traditional neo-classical framework. The Borts and Stein model was a simple 
adaptation to a regional context, allowing for factor mobility, of Solow’s (1956) 
initial growth model in which the equilibrium growth rate of an economy was 
determined by the long-run growth of supply; and the growth of the supply capacity 
was determined by the combined growth of the capital stock, labour supply and 
technical progress. Virtually all the multitude of cross-sectional regression studies 
of regional convergence undertaken since the contributions of Barro (1991) and 
Barro and Sala-i-Martin (1991) have embodied this simple original neo-classical 
formulation. 

Despite the contribution of the neo-Keynesian theorists such as Kaldor (1970) 
the dominant contributions to the formal theory of regional growth since Borts and 
Stein have been the new economic geography approach originating with Krugman 
(1991) and Krugman and Venables (1993). There have also been attempts to adapt 
endogenous growth theory (most closely associated with Romer 1990) to a regional 
context, such as that by Magrini (1997). Despite what we see as the only qualified 
success of such attempts at developing formal theories, much was learnt between 
1990 and 2002 - in both theoretical and empirical terms - about the process and 
causes of regional growth. This new knowledge has mainly been partial, however, 
rather than synthesising. An awful lot more is known about the role of highly skilled 
human capital, the agglomerating tendencies of R&D and the related localisation 
of innovation; and the role of institutions such as universities. This knowledge 
however is still both tantalisingly incomplete and incompletely incorporated into 
a satisfactory unifying theory. Even this insight may conceal as much as it reveals 
since, as is central to the new economic geography approach, the ultimate actors 
are not regions but households, establishments and firms and how these interact. 

This article reviews where we have come from and where we might go to in 
research on regional growth and development. Our review is intentionally partial 
and personal. A whole article could be devoted to reviewing work on convergence. 
Indeed several have; see, for example, Durlauf and Quah (1999) or Temple (1999). 
But we are content to summarise that work in one section. Our object of study 
is the region, an imprecise term that embraces both small countries (Armstrong 
and Read 2003; Maskell et al. 1996) and urban regions (Cheshire and Carbonaro 
1995, 1996; Magrini 1999). Increasing evidence suggests that regional rather 
than national economies are the decisive units at which economic growth takes place 
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(Brenner 1999; Ohmae 1995; Storper 1997) although such a finding might not come 
as a surprise to Myrdal (1957) or Williamson (1965).^ 

At its simplest, regional growth is dependent on attracting and keeping capi- 
tal and labour - to become ‘sticky’ places (Markusen 1996) - and making them 
more productive. This process does not necessarily result in a tidy equilibrium 
growth path, as the neo-classical models assumes (Borts and Stein 1964; Barro 
1991 or Barro and Sala-i-Martin 1991, 1995), or in convergence of growth rates. 
Instead, shocks, disequilibrium and divergent growth remain recurrent features of 
the real world (Gertler 2001; Nelson 1998; Sokol 2001). Convergence may have 
been widely observed during the 1960s and 1970s but in the late 1970s divergence 
reappeared in many contexts. Even in the European Union (EU), where regional co- 
hesion has been a policy priority, there is scant evidence of systematic convergence 
in either overall terms (Quah 1996; Magrini 1999) or conditional /^-convergence 
when models are appropriately specified (Cheshire and Carbonaro 1995; Cheshire 
and Magrini 2002) 



2 The convergence industry 

The paper by Barro (1991) initiated a flood of cross sectional studies, initially of 
countries but quickly of regions also (Barro and Sala-i-Martin 1991) founded on, 
and claimed to provide a test for, the neo-classical growth model originating with 
Solow (1956). The growth equation employed by Barro (1991) was derived as a 
log-linear approximation, from the transition path of the neo-classical model for 
closed economies. The model took the following form: 

(l/T) • \og{yitlvi^t-T) = X* + \og{y*liii^t-T ■ (1 - e"^'^)/T + uu, (1) 

where i indexes the economy, t indexes time, yu is per capita output, x* the rate 
of technical progress, the steady state level of output per effective worker, T 
the interval between observations, j3 is the convergence coefficient to be estimated, 
and Uit is an error term. The model actually estimated was: 

l/Tlog{yit/yi,t-T) = a- [log(t/i,t-T)](l - e“^ ^ )(l/r) 

-bother variables -h (2) 



where e is a stochastic error term. 

The source of convergence in the model was the assumption of con- 
stant/diminishing returns to capital,^ an assumption as emblematic of neo-classical 

^ Memories seem increasingly short and Williamson’s work has been all but forgotten. Studying the 
long-run evolution of regional disparities across countries he provided quite persuasive evidence that 
both within countries over time and cross-sectionally over countries, the incidence of regional disparities, 
as measured by the coefficient of variation of regional incomes, was a function of the level of economic 
development. The typical pattern appeared to be that at very low levels of development there was little 
variation in regional incomes; that as development got under way it tended to be concentrated in one or 
a few leading regions causing regional disparities to increase; but as the development process continued 
disparities tended to reduce. 

^ As to any variable factor: the essential feature is long-run constant returns for given production 
technology - assumed to be common to all regions/countries - generating diminishing returns to variable 
factors in the short-run. 
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models of the 1950s and 1960s as fins and chrome were of Cadillacs. Constant or 
diminishing returns not only made the analysis mathematically tractable but also 
allowed strong conclusions to emerge with respect to the role of markets and wel- 
fare. The specific mechanism in which diminishing returns is embodied in the Barro 
model is a Cobb-Douglas production function although - so long as it embodies 
diminishing returns - other forms would appear possible. 

Not only does convergence naturally^ follow from such a model, but a further 
contribution was provided by the specific formulation. This provided for straight- 
forward calibration within a cross sectional regression framework and the estimated 
value of the f3 function provides a direct measure of the annualised speed of con- 
vergence. While convergence naturally follows from long-run constant returns to 
scale, the rate of convergence will be increased if labour mobility is allowed in the 
model, since movement of labour from the labour-rich, poorer region to the capital- 
rich, richer region will boost returns to labour in the poorer and accelerate the onset 
of diminishing returns to capital in the richer region. A similar increase in the rate 
of convergence would result from technological flows from the richer to the poorer 
region if the regions did not initially share a common production technology. The 
model is set up so that not only does the estimated value of (3 measure the rate of 
convergence but a positive sign means that poorer regions grow faster than richer 
ones, i.e., there is (apparently - because as later writers have pointed out it does 
depend on what convergence means) convergence. 

The model (1) also includes an error term, u. This, however, is not an ordinary 
error term but is composed of two elements: a truly random term plus a set of 
‘shocks’, which affect different economies in systematically different ways. Since 
new ‘shocks’ may increase the actually observed dispersion of (regional) incomes 
over time, a positive estimate of the value of j3 does not necessarily imply a falling 
dispersion of observed (regional) incomes over the period analysed. Indeed two 
distinct forms of convergence were identified: so-called ^-convergence and a- 
convergence, the latter referring to the standard deviation of the log of regional 
incomes at any time. It was claimed that estimates of /3-convergence, however, 
would provide an answer to the question how long is it likely to be before the per 
capita income of a particular region/country catches up to the average per capita 
income across economies; cr-convergence tells us how the overall distribution of 
observed per capita incomes has changed over some particular time period. Quite 
quickly it was being claimed that empirical studies produced a surprisingly uniform 
finding of convergence at some 2% per annum as the norm. 

The criticisms of this approach were quick to follow if not as voluminous 
as the flood of studies within the basic Barro and Sala-i-Martin framework. The 
criticisms can be classified under three main heads: methodological, measurement 
and theoretical. The first methodological objections were raised by Levine and 
Renelt (1992) and Levine and Zervos (1993) and were directed to the use of cross 
sectional regression. Their critique was primarily directed at the numerically largest 
component of the emerging ‘convergence industry’: cross-country studies. They 

^ As Bolts and Stein (1964) showed, although convergence is the natural outcome of such a model, 
it is not the automatic outcome. It is possible to generate regional divergence but only with very specific 
assumptions about particular parameters values for open regional economies. 
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offered essentially five criticisms: results were over sensitive to small alterations to 
the set of independent (conditioning) variables included or to their specification; the 
use of regression presupposed that observations are drawn from a distinct population 
in statistical terms and countries did not necessarily represent a ‘population’ in 
the required sense; regressions did not resolve causal issues; policy actions were 
relevant but difficult to measure and not represented in typical cross country data 
sets; and that applying extreme bounds analysis to typical results for 100 countries 
suggested that a very small number of extreme outliers accounted for specific 
results. This last criticism, however, might be thought of as essentially a result 
of the second - countries do not represent a ‘population’. 

The extreme bounds point was pursued by a number of subsequent authors. It 
is an extraordinarily demanding test of significance and so far as we are concerned, 
if the observations are representative of a statistical population, over-mechanical 
in its requirements. It attaches essentially no weight to the information that may 
be conveyed in outlying observations; it does not just test for the influence of 
outliers on results. A riposte by Sala-i-Martin (1997) argued forcefully that it was 
unreasonably demanding and that instead central measures of estimated parameter 
values and the significance attached to them from large numbers of studies should be 
employed. The recent growth of ‘meta-studies’ - that is, studies of studies where the 
sets of results are systematically evaluated and patterns of significance and values 
compared - is one manifestation of this revised approach (Florax et al. 2002). 

Further methodological objections were raised by Cheshire and Carbonaro 
(1995). They argued that measured /3-convergence neither constituted a useful test 
of theory nor did it provide a robust measurd of convergence/divergence. The reason 
why they did not believe that it constituted a valid test of theory was that it could not 
distinguish between possible explanations. At its very strongest a positive finding 
of convergence was not inconsistent with the predictions of steady state growth 
models, but it was an indirect test and equally consistent with other possible expla- 
nations. It was therefore the weakest possible type of test. A study which directly 
verified the mechanisms generating convergence - diminishing returns to capital 
or the income equalising effects of labour and capital mobility - would be a much 
stronger and more persuasive test. 

This problem arose because, it was argued, there were various possible mech- 
anisms that might generate convergence; diminishing returns to capital was only 
one such mechanism. Labour mobility was another. More damagingly, however, 
any observed convergence could simply reflect policy (a point echoing one of those 
made by Levine and Zervos 1993). There had been agencies active in promoting 
international convergence since 1945. More relevant in the context of studies of 
regional convergence in the EU, achieving regional convergence had been a signif- 
icant and explicit goal of both national and European policy throughout the EU for 
the whole period analysed by Barro and Sala-i-Martin (1991). In addition to policy 
there were other possible mechanisms aside from diminishing returns that could 
produce convergence in regional incomes. Thus, even if we were confident we had 
measured convergence accurately (and careful analysis showed this was seldom the 
case) the result was no more than not inconsistent with neoclassical growth theory. 
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Cheshire and Carbonaro (1995), Cheshire (1996) and Cheshire and Magrini 
(2000) also drew attention to a particular measurement problem. The definition of 
regions for which the standard European data sets were available was based only on 
historic administrative boundaries and since output was measured at workplaces 
and people at place of residence, where there was significant commuting across 
boundaries this produced systematic error. In a US context this problem might be 
trivial because of the size and self-containment of US regions or states. That was 
not the case in the EU where there was significant cross boundary commuting in 
about 15% of cases, most extreme in Bremen, Hamburg and Brussels. The further 
problem was that since cross border commuting was mainly significant in larger 
more urbanised regions and over time the location of employment changed in this 
type of region, there was likely to be a distortion not just of the measured level 
of GDP per capita but of its rate of growth. In the most extreme case - Bremen 
- the outward movement of population relative to jobs during the 1980s meant 
that the official figures overstated the region’s growth rate by some 40%. Not only 
that, but these types of data error were concentrated in the richest regions'^ which 
would introduce systematic bias into the estimated value of ( 3 . For these and other 
reasons they concluded that cross sectional regional growth studies, if they were to 
illuminate the causes and processes of growth, should use data for self-contained 
city-regions defined on functional criteria. 

This is one variety of a more generalised measurement problem: spatial de- 
pendence. Cross border commuting means that growth is liable to be mismeasured 
in any set of contiguous regions linked by commuting flows. Over statement of 
growth in one of the regions will automatically be associated with understatement 
in its neighbour(s). More interesting for regional scientists is spatial dependence, 
which reflects underlying features of the spatial economic growth process. Empir- 
ically measuring growth over self-contained regions should eliminate the first type 
of mismeasurement but systematic spatial dependence is a sign of that significant 
variables have been omitted. While it is possible to offset for any bias this induces 
in the estimation of parameters the real point of interest is the questions it throws 
up for research (see also Florax and van der Vlist 2003). The results of Rey and 
Montouri (1999) for the continental US states over a 65-year period reveal strong 
patterns of spatial dependence with geographically concentrated groups of poor 
and rich states and faster growing and slower growing states. This result is useful 
and implies a specification problem in conventional cross sectional convergence 
models. But it is essentially descriptive. It does not tell us why there is spatial 
dependence. 

Another line of criticism is associated mainly with Quah (1993a,b, 1996a,b). 
There were various strands to this but perhaps the most telling was that the mea- 
surement of ^^-convergence does not in fact necessarily imply a reduction in the 
dispersion of regional (country) incomes as measured by their standard deviation. 
More positively he put forward an alternative methodology for measuring the con- 

^ Because it was boundaries of large metropolitan areas which tended to have net inflows of com- 
muters and not only were large urban regions in reality the regions with the highest per capita incomes 
but in any region where there was a net inflow of commuters there would be an overstatement of per 
capita incomes. 
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vergence or divergence of regional/national incomes, based on the dynamics of 
the distribution of incomes over time. One could approximate the distribution of 
incomes at the start and end of any given period by discrete classes and calculate 
the ‘transition probabilities’ : that is the probability that any region in any particular 
income class at the start of the period would have moved into any other particu- 
lar class at the end of the period. One could then use this approximation of the 
dynamics of the income distribution for the period in question to project the im- 
plications for the distribution of regional incomes if the same dynamics continued 
for any given number of similar periods and/or until the distribution settled into an 
equilibrium. Doing this Quah showed that the typical result was in fact the emer- 
gence of ‘clubs’ of rich and poor countries/regions rather than simple convergence 
or divergence. Magrini (1999) refined and applied this methodology to the income 
dynamics during the 1980s of functionally defined EU regions and demonstrated 
that the underlying income dynamics implied the emergence of a small rich group 
and a larger poor group of city regions. 

Theoretical criticisms abound. One, implicit, but in the purest neo-classical 
vein, was made by Glaeser et al. (1995). They argued that in the analysis of regional 
growth the appropriate dependent variable was not income or GDP per head but 
population growth. Their model employed a simple constant returns production 
function and open regional economies with free movement of labour and capital 
as well as a common production technology. Given this, they argued equilibrium 
implied that the real returns to labour would be equalised between regions on the 
margin (since labour would vote with its feet if higher real returns were available 
elsewhere) and price differences and differences in the quality of life (climate, 
natural amenities or local pollution, for example) would be fully reflected in money 
incomes. Thus the most appropriate measure of differences in regional growth in 
prosperity would be employment/population growth not growth of GDP per capita. 
This argument would not transfer of course to international differences in prosperity 
since it was unreasonable to assume perfect mobility of labour between countries. 

A further set of criticisms links the methodological and theoretical. It is perfectly 
possible, perhaps more realistic, to take the view that there are mechanisms tend- 
ing to generate convergence and others generating divergence. A major intellectual 
contribution in the area of international trade and regional economics over the past 
15 years has been the development of models which, while perhaps neo-classical 
in spirit, are not based on the perfectly competitive constant returns assumptions of 
the 1950s and 1960s but on increasing returns and qualified imperfect competition 
using the basic model associated with Dixit and Stiglitz (1977). A further and fun- 
damental feature of this approach is that it is built on explicit - if highly simplified - 
microeconomic foundations. The results ultimately reflect the specific assumptions 
about the behaviour and characteristics of individual economic actors. Such ‘new 
trade theory/new economic geography’ models typically generate agglomeration 
economies (Krugman 1991; Krugman and Venables 1993; Fujitaet al. 1999).^ 

^ In many ways these models are just restatements in modem terminology and language of the insights 
of Myrdal (1957) or Kaldor (1970). They too employed increasing returns to scale but in models not 
rigorously based on microeconomic foundations and adding neo-Keynesian flourishes, which had the 
effect of re-enforcing the divergence tendencies of their models. 
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Another important set of potential divergence mechanisms can emerge from 
spatial versions of endogenous growth theory (Romer 1990). Such mechanisms 
appeared in Cheshire and Carbonaro ( 1 996) and were developed by Magrini ( 1 997) . 
If there are systematic mechanisms generating both convergence and divergence 
then what happens to the dispersion of regional incomes over a particular time 
period is an empirical question to be determined. To interpret the results as a test 
of the neo-classical steady state growth model you have to exclude other possible 
explanations ab initio. 

Yet a further problem relates to the set of potential conditioning variables that 
should be allowed for to get unbiased estimates of (3. This cannot be specified a 
priori, so that if there are omitted variables which are systematically correlated 
with growth rates, it is not clear what value to attach to claims of convergence 
or divergence. This situation is made worse because of the cavalier approach that 
many studies adopted to the choice of independent variables. The choice often 
seems narrow and arbitrary and usually excludes any measures of policy or ways 
in which regional scientists would expect spatial effects to operate. Reflecting their 
origins in a-spatial macroeconomic analysis remarkably few regional convergence 
studies include tests for spatial autocorrelation/dependence. Testing typically shows 
it is present in models in which spatial interactions are not explicitly included. As 
has been shown in a range of the more careful regional studies, far from yielding 
consistent estimates of 2% per annum convergence the parameter estimates for 
the effects of initial income are remarkable sensitive to model specification and in 
the better specified models the impact of the initial level of income is usually not 
significant (Cheshire and Carbonaro 1995). 

This brief overview of the convergence literature is perhaps justified as much 
by the ‘vast literature’ (Florax et al. 2002) as it is by the direct contribution the 
literature has made to understanding processes of regional growth. Studies in this 
vein range in quality in our view from the almost totally mechanical and careless 
to the useful documentation of facts and tendencies, testing of elements of theory 
and exploration of causal processes. Unfortunately the latter group is very small 
relative to the former and we are sceptical as to how much will really have been 
added to our understanding of regional growth processes until the dust has settled 
and the probably rather few useful findings have been winnowed out from the mass. 
We share the Judgement that both the richer vein of theoretical development and the 
more useful empirical studies have had more to say about divergence than about 
convergence. We are sceptical about meta-studies since they implicitly treat all 
results as equally valid when clearly many are very suspect indeed. 

3 New concepts of economic base: 

Clusters, regional and local innovation systems 

The economic base of a region has long been considered a central determinant 
of its prospects for regional economic growth. As Thompson (1965, p. 3) put it, 
“The very essence of long-run growth is, in fact, the transition - sometimes orderly, 
sometimes chaotic - of the local economy from one export base to another as the 
area matures in what it can do, and as rising per capita income and technological 
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progress change what the national economy wants done”. Long-run growth is as 
much about changing what is produced as it is about increasing how much of it is 
produced (Flammang 1979, 1990). What a city or region specialises in matters. Old 
industrial regions that do not adapt and develop new industries themselves decline 
as the sectors on which the local economy was based decline and are replaced as new 
industries emerge. Successful regions are in a constant process of renewal. Rising 
incomes imply rising costs and a continuing loss of lower value added activity. 
Loss of lower paying activities/jobs may create social problems but is an intrinsic 
feature of prosperous, growing regions. 

The most visible structural shift is from manufacturing or heavy industry to- 
ward services, and particularly producer services. This shift does not take place 
evenly or equally from place to place. At the global scale, producer services are 
the growth engine of the major cities. Services that facilitate transactions, espe- 
cially financial services, are most important and are disproportionately located in 
large cities. These include travel agencies, retail, wholesale, intermediaries, bank- 
ing, credit institutions, insurance, real estate, pension schemes, venture/risk capital, 
professional services, and marketing services (Stein 2002). Drennan (1999, 2002) 
has found in the US that high levels of human capital, represented by college or uni- 
versity attainment, promote stronger economies, corroborating research by Simon 
and Nardelli (2002). Perhaps more controversial is his finding that specialisation 
seems to promote stronger urban economies than does diversity. Larger urban areas 
are more likely to be specialised in financial and other producer services. 

The question of whether specialisation or diversification promotes more con- 
sistent, higher rates of, or more innovative, growth has received considerable at- 
tention. Acs et al. (2002), also with US data, find, as Drennan has, that special- 
isation is preferable. They find no evidence for spillovers from R&D in any one 
high-tech cluster to employment in any other. Rather, local R&D engenders lo- 
cal employment impacts in the same 3 -digit industry, reinforcing specialisation. 
Quigley (1998), however, suggests that diversity improves regional economic per- 
formance as did Glaeser et al. (1991). Kelley and Helper (1999) find that regions 
with diverse industries have higher rates of adoption of new technologies. Feldman 
and Audretch (2000) by contrast found that innovation is lower in places with spe- 
cialised economies, but higher where the relevant science base is strong and higher 
in large cities. They conclude that firms are more innovative if they have innovative 
diversity; complementarity creates greater spillovers than specialisation. Duranton 
and Puga (2000) also conclude that diversity is more supportive of innovation. 

The relative importance of specialisation and diversity remains ambiguous and 
unresolved (Glaeser 2000). Obviously, the answer lies in which question is being 
asked. If spillovers of knowledge are the focus, diversity may well be advanta- 
geous. If employment impacts are the issue, specialisation in the “right” sectors 
of the moment may be best. However, Pollard and Storper (1996) suggest that 
theories provide little help in understanding the variation in regional performance 
actually found among places. Some US cities grew during the 1980s with spe- 
cialised economies; others grew without specialisation. Urban regions grew from 
various specialisations: in intellectual capital industries (high- wage nonproduction 
occupations), innovation-based industries (with aggregations of technical labour). 
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and variety-based industries. The answer may well be that both specialisation and 
diversity are important - specialisation in industries other than the most traditional 
so that lock-in does not occur - and diversity of firm size as well as across in- 
dustrial sectors so that new ideas and technologies are able to enter the regional 
mainstream. Duranton and Puga (2000) suggest that there appears to be a need for 
both diversified cities and specialised cities. 

Regardless of the sectoral specialisation, a key element in a dynamic regional 
economy is the presence of R&D activity. R&D has become much more global 
during the past two decades and, in doing so, has dispersed to exploit sources of 
knowledge at the locations of customers and competitors (Blanc and Serra 1999; 
Florida 1997; Gassmann and von Zedtwitz 1998, 1999; Howells and Wood 1993; 
von Zedtwitz and Gassmann 2002). However, a firm’s R&D alone is no longer 
sufficient for technological competitiveness. Internal R&D must be complemented 
by external sources of innovation, which in turn must be integrated into the firm’s 
competencies and structures (Amin and Cohendet 1999; Kuemmerle 1999; Malecki 
1997a). Most research on these issues is based on case studies of a small number of 
companies; less typical is research that covers all firms - and production as well as 
R&D - in a sector, such as the study of the hard disk drive industry by Gourevitch 
et al. (2000). 

The dispersal of R&D perhaps has multiplied the number of places that can 
plausibly base their region’s development on innovation and technology. Attempts 
to understand the dynamics of regional growth and development have led to two 
sets of ideas rising to prominence: the concept of systems of innovation and the 
role of knowledge and learning. The interconnectedness of government policies, 
institutions, and knowledge infrastructures and resources, first captured in the na- 
tional system of innovation (NIS) (Edquist 1997; Lundvall 1992; Nelson 1993), 
has been applied to regional (and local) systems (Braczyk et al. 1997; Cooke et 
al. 1998; de la Mothe and Paquet 1998a,b). The central feature of the national and 
regional innovation systems is that while research and development (R&D) activity 
still matters greatly, it is only one part of a larger system that includes education, 
training, government support, and linkages among sectors. 

Those smaller scale systems are variously called clusters, territorial produc- 
tion complexes, productive systems, territorial systems, milieus, and local systems 
(Acs et al. 1996; Asheim and Dunford 1997; Cooke 1996; de la Mothe and Paquet 
1998a,b; Enright 1996; Feser 1998; Porter 1998a; Rosenfeld 1997; Steiner 1998). 
All of them can nevertheless be seen to belong under the broad umbrella of regional 
innovation systems (Oinas and Malecki 2002). However, interlinked systems are 
unlikely to emerge in all places; few regions match the ideal combination of institu- 
tional learning, institutional reflexivity, and regional associationalism suggested by 
Silicon Valley, the Third Italy, or Baden-Wiirttemberg (Cooke and Morgan 1998). 

Regional or local systems have three principal characteristics: inter-firm divi- 
sion of labour, productive specialisation, and accumulation of knowledge (Belussi 
1996). Regional systems also incorporate financial, infrastructure and cultural di- 
mensions to function as externalised learning organisations. The collective compe- 
tence of a region highlights the untraded interdependencies that are deep or thick in 
some regions, thin or shallow in others (Lawson 1999). Collective learning is pos- 
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sible in innovative regions because diverse but overlapping technical knowledge, 
tacit and embedded among individuals and firms in the region, is shared among 
them (Lawson and Lorenz 1999; Maskell and Malmberg 1999). Specialisation per- 
mits a “learning region” based on untraded interdependencies, a dense network of 
personal contacts with other firms, and movement of people from firm to firm and 
to spin-off and start new firms (Bramanti and Ratti 1997). Where local institutions 
are “thin”, the crucial basis for an industry may be the regional labour market, lo- 
cal communities of technical workers, and the network of firms (Henry and Pinch 
2001; Keeble et al. 1999; Lissoni 2001; May et al. 2001). 

Three features of regional and local systems stand out as important: (1) the 
collectivity that somehow encompasses - indeed defines - a region in its entirety, 
(2) the emphasis put on the “soft” aspects of economic activity, including untraded 
interdependencies and, increasingly (3) extralocal connections. Trust among ac- 
tors figures prominently as an explanation for the first two features: as a “soft” 
explanation for the collective advantages of a region (Gordon and McCann 2000). 
The third feature has received less attention in the literature on regional systems, 
and needs to be focused upon more centrally. The framework of spatial innovation 
systems focuses on the combination of local and distant connections (Oinas and 
Malecki 2002; Bunnell and Coe 2001). Research on industrial districts and innova- 
tive milieux focused on the internal characteristics and mechanisms in those places 
and this diverted attention from the necessary distant, even global, linkages that 
competitive places require (Keeble and Wilkinson 1999; MacKinnon et al. 2002). 

Related to this understanding of regions as systems is the concept of clusters 
(Steiner 1998).^ As proposed by Porter (1998a,b), clusters comprise not only the 
linked firms in an area, but also the governmental and institutional actors, includ- 
ing universities, trade associations, and training providers, that support the cluster’s 
firms through information, research and training. Widely misapplied in the regional 
literature as merely the collection of sectors that have traded interactions, indicated 
by input-output linkages, clusters actually include an array of firms, organisations 
and institutions and their interaction in mutually beneficial fashion (Austrian 2000; 
Porter 1998b). These links with regional institutions and other untraded interdepen- 
dencies among firms often are more important than input-output relations (Storper 
1997). In clusters where nonlocal linkages are high, as is commonplace in high- 
technology sectors, it is possible that regional untraded interdependencies may 
matter somewhat less (Hendry et al. 2000). 

The “learning economy” (Lundvall and Johnson (1994), the “learning region” 
(Florida 1996; Boekema et al. 2000), “knowledge economies” (Cooke 2002), and 
the “intelligent city” (Komninos 2002) all project the systemic nature of contin- 
ual learning as the basis for innovation. The degree to which - indeed whether - 
policies can “create” such regions or prolong the lives of those that appear sponta- 
neously is an open question. The policy ingredients applied vary among regions but 
include support for entrepreneurs and innovators (Cooke et al. 2000). Entrepreneur- 
ship itself is a complex process, characterised by failure as well as success, and 



^ The modern analysis of clusters and the advantages they confer on producers located within them 
in fact has a great deal in common with Marshall’s (1890) much older analysis of “industrial districts”. 




260 



RC. Cheshire, E.J. Malecki 



highly variable from place to place (Malecki 1997b). The most important policies 
may work indirectly and be those that provide efficient public services, generalised 
labour and transferable skills, appropriate infrastructure, and a transparent but flex- 
ible regulatory framework. 



3.1 Culture and tourism 

Among the new economic bases of regions, beyond that of producer services, is 
culture (Dziembowska-Kowalska and Funck 1999; Scott 2000). Core cultural sec- 
tors can be defined as consisting of theatres, orchestras, museums, art exhibitions, 
movies, broadcasting, publishing, artists, some sports for leisure, and education 
in the arts. Linked sectors include printing, bookbinding, manufacturing musical 
instruments and sports equipment, and libraries. Many of these can be considered 
“image-producing industries”, including film, music, fashion, and furniture (Scott 
2000). To a large degree, this view of the regional economy is an application of 
a local system based on a talented and innovative labour force. Creative people 
apply their talents to cultural products and services as well as to traditional goods 
and services (Florida 2002) and simultaneously provide a demand for innovative 
consumption - including consumption of cultural services. 

The “culture sector” is closely related to tourism, since the cultural ameni- 
ties that local residents enjoy also attract visitors. Tourism is an ill-defined sector 
that has risen in importance as both business and leisure tourism have expanded 
greatly, initiating policies and building “urban entertainment amenities” explicitly 
to attract visitors (Eisinger 2000). Business tourism encompasses conferences, con- 
ventions, and sector-specific exhibitions and fairs (Cuadrado-Roura and Rubalcaba- 
Bermejol998; Law 2002). Tremendous competition also has emerged for “hallmark 
events”, such as blockbuster touring art exhibitions and periodic sporting events 
such as the Olympic Games or the World Cup (Law 2002; Shoval 2002). 



3.2 Territorial competition 

Competition for hallmark events is but one manifestation of a wider and intensify- 
ing process of territorial competition. In the large, integrated markets of the New 
World territorial competition has been endemic since earliest times: the competition 
between the US East coast ports for migrants in the eighteenth century or of the 
cities created by the railroad boom of the nineteenth century are examples. But the 
nation state squeezed it out of most of the rest of the world. In its current sense “ter- 
ritorial competition” is understood to include the formation of policies designed to 
promote local economic development, often explicitly, but certainly implicitly, in 
competition with other territories. It is, above all, local in its inspiration and origin. 
While it may - indeed often does - involve competing for mobile investment, this 
is not necessarily any part of the process (although successful territorially compet- 
itive policies are likely to effectively make the territory more attractive for mobile 
investment). 
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What it is directly concerned with is promoting the territory as a competitive 
place to do business. It may be more directed at improving the environment for 
existing local businesses and fostering new firm formation, than in trying to attract 
inward investment. Since the essence of territorial competition is that it is local in 
origin, there is no concern for regional disparities. Equity is not the issue: it may 
be about efficiency. Competing for hallmark events is one of its manifestations but 
as experience has frequently shown - remember Montreal, Moscow or Atlanta - 
even winning often entails loss. Territorial competition may, in other words, hamper 
growth and reduce economic efficiency as well as increase it. 

The claim of economic liberals frequently is that territorial competition always 
involves net losses (Federal Reserve Bank of Minnesota 1994); the more enthu- 
siastic “place marketers” (van den Berg et al. 1993) imply that it always involves 
net gains for the region concerned. Cheshire and Gordon (1998) suggest that dif- 
ferent policies are likely to have different outcomes and, moreover, that the net 
social return to a given policy will vary according to the definition of the territory. 
Policies can be defined as “pure waste” - they have no impact on the behaviour 
of economic agents; “pure zero sum”, in that they only divert activity from one 
location to another; or “capacity enhancing”. Many may combine both a degree of 
diversion and a degree of capacity enhancement. Any policy successfully making a 
territory a lower cost base for operations will not only enhance the supply capacity 
of the whole economy of which it is a part, but will also tend to divert activity to 
it from other locations. Perhaps the most purely capacity enhancing may be edu- 
cation and training, because the people whose skills are enhanced are able to take 
them elsewhere. More diversionary policies may appear to the representatives of 
a particular territory as offering better returns, however, since the impact on other 
territories will be excluded from their calculations. 

In the context of regional growth, the question of interest, of course, is the ex- 
tent to which locally initiated policies - territorial competition - can increase local 
growth, either absolutely or relative to other regions. Here the evidence is not yet 
clear. It does seem very plausible that much, perhaps even most, policy designed 
to “bribe” mobile investment - whether it is of the hallmark event type or mobile 
private investment - is likely to have low or negative returns to the initiating terri- 
tory. The reason is of course that those offering such mobile investment/events are 
skilled at orchestrating bidding processes so that the cost to the winning territory 
is likely to reflect (at least) the maximum potential territorial gains available. Con- 
versely, strategic territorial development plans, such perhaps, as that devised and 
implemented by Glasgow during the 1970s and 1980s or by Barcelona, structured 
around the winning of the Olympic Games in 1992, may generate growth both 
locally and on a wider scale. 

Indeed it is plausible to argue that the most economically productive territorially 
competitive policies may be simply giving growth a higher priority in a range of 
local policies (for example, infrastructure provision, land use regulation or educa- 
tion) and more efficient local public administration. The evidence of Stough (1999) 
and the analysis of differential European urban growth reported in Cheshire and 
Magrini (2002) are certainly consistent with a greater capacity to pursue territorial 
competition being positively associated with growth performance. That capacity 
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can be seen to involve both “hard” infrastructural networks and “soft” networks of * 
human interaction of various kinds (Komninos 2002; Malecki 2002). 



4 Conclusion 

How (regional) growth occurs remains an inadequately understood process. A re- 
view of research suggests that we still do not have definitive answers to key ques- 
tions. Why does the stock of capital grow at different rates? Why does the labour 
supply increase? What drives technical progress? However, there has been sub- 
stantial progress over the past 25 years, both in theoretical and in empirical terms. 
Although the traditional neo-classical model still dominates, at least two significant 
theoretical innovations have occurred. Technical progress has been made endoge- 
nous; and the new economic geography has integrated increasing returns within a 
formal model based on explicit microeconomic foundations. This directs attention 
from the “region” to the economic actors within regions and the determinants of 
their behaviour in a spatial context. Furthermore it directs attention to the role of 
agglomeration economies, particularly dynamic agglomeration economies. 

There have been four strands of empirical work complementing these theoretical 
developments. A new field of spatial econometrics has developed and although its 
application to studying regional growth has only been comparatively recent, it has 
revealed significant spatial dependence in regional growth. The rate of growth of 
a region appears not to be independent of that of its neighbours. At the minimum 
this is an interesting new fact about regional growth that needs to be explained. 
Thus it creates a research agenda. But it also requires a reassessment of previous 
work, which did not include spatial dependence effects. It is consistent both with 
aspects of new economic geography approaches and with work - often inspired 
independently of concerns with regional growth as conceived of in, for example, 
the cross sectional studies - into innovation and its spatial diffusion and into clusters 
and how and why they work. 

Although we have been critical of the multitude of cross sectional studies at- 
tempting to measure “convergence”, this question diverted substantial research 
energy into empirical studies of regional growth; and from this not only was quite a 
lot learnt - even if not always directly - but new techniques were also developed to 
tackle the resultant questions. In our judgement insights arising from many of the 
“conditioning” variables developed in order to reflect regional fixed effects - such 
as city size and density, measures of human capital, or aspects of regional/urban 
government - were often helpful. Efforts have been made to incorporate explicit 
spatial interaction mechanisms (rather than just “fixing” estimation problems cre- 
ated by spatial dependence by incorporating suitable spatial lags) but there is great 
scope for research to uncover the cause of spatial dependence and the mechanisms 
involved. 

The two other areas of empirical work have developed largely independently of 
formal concerns with systematic patterns of regional growth performance. There has 
been significant work, using a variety of methodological approaches, into clusters 
and the related issue of (dynamic) agglomeration economies. Potentially this work 
links back to both the theoretical insights of new economic geography and to the 
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spatial economic mechanisms underlying spatial dependence in growth rates. There 
has also been a great deal of complementary work on spatial patterns of innovation, 
the role of R&D in local economic growth and the spatial diffusion of innovation. 
Again methodologies have varied but analysis using large-scale data sets (such as 
patent data) and the estimation of production functions including R&D are more 
dominant than is the case with the work on clusters. The work on innovation and its 
diffusion not only could, in principle, be integrated into new economic geography 
style models but also into attempts to apply endogenous growth theory at a spatial 
level. In addition both strands of work might help explain the spatial dependence 
of regional growth although other mechanisms - particularly the determinants of 
labour mobility, including commuting patterns - may be significant parts of such 
an explanation. 

Thus an important element in any research agenda is a job of synthesis. Many 
of the component parts for a better understanding of regional growth have been 
worked on (even if not fully developed). We have yet to bring them together and 
show what fits into an understanding of the overall process and what does not. Per- 
haps the most difficult but important research task would be to develop theoretical 
models of spatial growth which have richer microeconomic foundations than the 
highly simplified and formal basis of new economic geography. Complementary 
to this would be more empirical work unpicking and exploring data sets based on 
individual economic actors in a systematic way. In this area only an important start 
has been made. 

We are fairly certain that the answers to these questions would greatly increase 
our understanding of agglomeration economies but they would also illuminate other 
issues along the way. Innovation is associated with research and development and 
has an identifiable spatial pattern in relation to highly skilled labour and institu- 
tions such as universities. But innovation is not just the result of R&D but also 
entrepreneurship applied to investment. Labour supply responds to real wage dif- 
ferentials but also to environmental and other amenities. Labour is far more ge- 
ographically mobile in the New World, however, than it is in the Old. This both 
suggests important questions for research and at the same time cautions us against 
trying to explain all aspects of regional growth in all contexts in one homogeneous 
model. 

We also believe that geography matters to both firms and people. Both are 
increasingly footloose in principle, as technology has enabled greater mobility and 
locational choice. However, both continue to agglomerate in locations that provide 
opportunities for them to interact with others, including those similar to themselves 
(as in clusters of firms in the same specialisation) and the possibility to interact with 
new partners. 
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Abstract. Regional scientists have had a long fascination with spatial economic 
interdependence, initially stimulated by the development of a suite of models in 
Isard (1960). In recent years there have been two major developments; first, a 
movement towards greater integration in model development not only with large- 
scale models, but also with careful attempts to make more components of the system 
endogenous. The second development has been the pursuit of greater integration 
than in earlier studies between theory and applied regional economic modelling, 
most notably in the area of trade and economic development. We explore some of 
the recent developments of this latter approach and provide an assessment of the 
current state-of-the art of some future opportunities. 

JEL classification: F2, Ol,R0, R1 

Key words: Feedback effects, interregional trade, Leontief paradox, regional 
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1 Introduction 

Analyses of trade and trade patterns have occupied the attention of regional scientists 
throughout the history of the field. Analysts who developed economic-base models 
based much of their theory on the principles of international trade theory, partially 
because they assumed that regional economic growth and development were closely 
tied to the exports of basic sectors from the region to sustain national growth. Until 
relatively recently, the exchange of theories, methods, models, and interpretations 
was decidedly non-transitive, with regional analysts drawing heavily upon the body 
of work economists undertook at the international level, but with little flow of 
knowledge in the opposite direction. However, the gradual re-awakening of interest 
in location (e.g., Glaeser 2000) and its importance to understanding international 
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trade, has once again rekindled interest in the spatial dimensions of trade. For 
example, Frankel (1998, p. 1) noted recently that: 

Most international trade research in the past has ignored the geographic dimension. Inter- 
national trade models, whether empirical or theoretical, whether based on small-country or 
large-country assumptions, and whatever else their attributes, tended until recently to have one 
curious thing in common: they treated countries as disembodied entities that lacked a physical 
location in geographical space. 

At the same time the structure of this trade is becoming more complex, offering 
challenging opportunities to merge the analytical insights provided by inter-industry 
analysis broadly defined with the new perspectives advanced under the rubric of 
the new trade theory. 

Regional analysts have contributed to interregional-trade literature in many 
areas, including interregional-trade theories, as well as regional tests of the 
Hecksher-Ohlin theorem, macroeconomic estimation of commodity-trade flows, 
interregional feedbacks, network theories, and regional and global supply-chain 
theories. Because many of these contributions are overlooked not only by regional 
analysts, but also especially by mainstream economists, we highlight some of their 
main aspects. 



2 Interregional-trade theories 

Regional scientists have written many articles and books on the location theory of 
the firm and fewer on interregional trade. While location theorists examine factors 
causing a firm to move from one region to another, interregional-trade theorists 
are interested in factors influencing the amount and type of commodities shipped 
between the regions. In either case, consumers in region B may be able to obtain 
commodities that originally were produced in region A. Ease in transporting com- 
modities, in fact, may deter industries from relocating. One fundamental problem 
that has plagued regional analysts has been the dearth of data on interregional flows; 
this has resulted in their either focusing attention on single-region models and ig- 
noring interregional trade, or grouping trade in final demand with other external 
flows, or estimating the flows using a variety of non-survey techniques. 

Round (1978, 1983) approached this problem from the perspective of estimat- 
ing regional input-output coefficients in an interregional context, exploiting the 
symmetry in a two-region context of one region’s exports being the other region’s 
imports. The simultaneous problems of estimation and the issue of interregional 
flows also arose in the generation of multiregional social-accounting systems; in 
this case, interregional trade in commodities was just one of many potential inter- 
regional flows that had to be estimated in the absence of survey-based data (Round 
1985, 1988). An alternative, yet complementary, perspective was offered by Batten 
(1982), who drew upon information theory to solve the problem of estimation of in- 
terregional flows in a national system of regions, broadening some initial inquiries 
of Wilson (1970). Roy (1994, 1995) and Roy and Johansson (1993) have integrated 
this decidedly macro perspective, dominated by entropy considerations, with new 
developments in trade theory, especially incorporating the role of differentiated 
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goods. Roy (2004) has also considered some reinterpretation in the light of Smith’s 
(1990) proposal for a most-probable state approach. 



2.7 Macroeconomic interregional commodity -flow estimation 

Long before GIS (geographic information systems) was invented, many regional 
scientists used maps of commodity movements to examine the pattern of trade 
flows within the US economy (Isard 1960, pp 126-140). They knew, however, that 
such descriptive devises would not enable them to understand the interrelationship 
(linkages) between production, distribution, and consumption among regions. For 
that, they needed an interregional input-output (IRIO) or multiregional input-output 
(MRIO) model. 1 

In an IRIO model, the region and industry of origin and destination for every 
product are specified (Isard 1951). A less data-intensive, and more practical, route 
is to develop an MRIO model, in which the regional inputs are specified only by the 
region purchasing a product, not by the region producing it, and the trade flows are 
specified only on a region-to-region basis. Thus for the MRIO model, the purchasing 
industry in the region is not known. Chenery (1953), Moses (1955), and Polenske 
(1980) all used the column-coefficient version of the MRIO for their respective 
Italian and US studies. In this version of the MRIO model, the inflow of a given 
commodity into a region is assumed to vary in proportion to the total consumption 
of the product in that region. In the gravity-coefficient version (Leontief and Strout 
1963; Polenske 1968), the trade flows depend upon the amount produced in the 
origin region, consumed in the destination region, and the cost of transferring 
(transporting, storing, psychic costs, etc.) the good between two regions.^ 

When the multiregional planning (MRP) research staff at Harvard University 
implemented the gravity-model version of the MRIO model in the late 1960s with 
US data, using a modified version of the Gauss-Jacobi iterative procedure, they 
could not get the iterations to converge. The mathematical properties of the gravity- 
trade coefficients would not ensure nonnegative output and trade-flow estimates, 
whereas the properties of Leontief ’s technical-coefficient matrices ensure the gen- 
eration of nonnegative estimates. Because the two systems are mathematically in- 
consistent, convergence of the iterations could not be guaranteed (Bon 1984); then 
the MRP staff reverted to the use of the column-coefficient model. 

These types of static, open multiregional input-output models are useful for 
testing questions such as what new levels of interregional trade will occur and be- 
tween which regions if, say, federal government expenditures are reduced by 10%? 
What are the interregional linkages among regions? For more specific questions 
about modal shifts, the analysts must provide base-year trade flows for each major 
mode. For questions about dramatically different structures and locations of pro- 
duction, such as are now occurring in the United States and elsewhere, none of the 

^ Miemyk (1973), Riefler ( 1 973) and Batten and Boyce ( 1 986) provide more details on these models, 
including dynamic versions of them. Polenske (1995) discusses Leontief ’s regional input-output analysis 
and provides a detailed notational comparison of the IRIO and MRIO models. 

^ Batten and Boyce (1986) review the gravity model as well as other types of spatial interaction 
models for the transportation network. 
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models developed so far will be able to provide very accurate estimates. Also, they 
are not optimisation models; thus, the analyst cannot determine the route that has 
the lowest transportation cost for shipping the goods. 

2.2 Regional tests of the Heckscher-Ohlin theorenf 

Regional analysts who have tested Heckscher-Ohlin’s (Heckscher 1919; Ohlin 
1933) theorems concerning factor proportions and factor-price equalisation, which 
are based on the concept of comparative advantage, have found that Leontief’s 
paradox (1953a) does not hold at the regional level (Moroney and Walker 1966; 
Horiba and Kirkpatrick 1981; Madresehee 1993). These tests, and ones described 
later, tend to be overlooked by mainstream economists. Horiba (1973) was the 
first regional analyst to test the factor proportions of interregional trade in Japan, 
using Japanese input-output regional accounts described below. For their US ap- 
plications, Horiba and Kirkpatrick (1981) conducted a test for the nine US census 
regions; Moroney and Walker (1966) for two US regions (the North and the South); 
and Madresehee (1993) for three Pacific Northwest regions (Washington, Oregon 
and Idaho). 

Each of these analysts found that regions with an abundance of capital and 
a shortage of labour seem to export capital-intensive goods and import labour- 
intensive goods, whereas Leontief (1953a), who tested this factor-proportion hy- 
pothesis using US 1947 national input-output data, found the opposite to hold at 
the national level for the United States, thus leading to his well-known Leontief’s 
paradox. Is this a surprising result? 

Before answering the question, we briefly review some critical aspects of the 
national and regional literature. Vanek (1968) made an important extension of the 
H-0 theory to a multigood, multifactor case, which is now called the HOV theory. 
This theory allows the analyst to focus on implicit trade in factor services. In fact, 
using Vanek’s concept. Learner (1980) showed that although the 1947 net exports of 
both capital and labour services were positive, the domestic capital share of exports 
exceeded the domestic labour share. He argued that Leontief had inappropriately 
calculated capital and labour, thus leading to his supposed paradoxical finding that 
exports were more capital intensive than imports. We believe that the relationships 
are more complex than theorists have allowed, even in some of the more recent stud- 
ies (Bowen et al. 1987; Brecher and Choudhri 1988; Krugman 1991a,b; Samuelson 
1971). 

As we noted above, although the Leontief paradox may exist for international 
trade, some regional analysts have found that it does not exist for interregional trade. 
An important distinction between the international and interregional trade theories 
concerns the assumption of factor mobility. For international trade, theorists usu- 
ally assume that capital is mobile and labour is immobile, while for interregional 
trade, they typically assume that both capital and labour are mobile. At the regional 
level, analysts can test the theorems for distortions from tariffs, import quotas, gov- 
ernment subsidies, depletion allowances, institutions, and other extraneous factors. 



^ This section is partially based on the He and Polenske (200 1 ) article. Regional tests of the Heckscher- 
Ohlin theorem are a relatively unknown set of literature among international-trade theorists. 
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These distortions should be minimised, while the assumption of identical produc- 
tion technologies and demand conditions should be met. 

Analysts also need to consider other factors. First, Heckscher (1919) defines 
factors of production to include not only the quantities, but also the qualities of 
land, labour, and capital, but regional analysts have no information on qualities 
nor do they have any way to overcome this lack. Second, Ohlin (1933) defines 
factor endowments to include mineral deposits, special-use land, and climate. Yet 
certain products, such as chemicals, paper products, petroleum, and tobacco, can 
only be produced in areas where the natural resources (including good climate and 
hydroelectric energy) are present (Moroney and Walker 1966; Madresehee 1993). 
Thus, analysts need to expand the definition of factor endowments to say that 
comparative advantage is determined by natural resources and by physical-capital 
and human-labour endowments. 

Equally important to expanding the definition of factor endowments, however, 
analysts need to consider the fact that a given region usually imports and exports 
from many regions. Until the 1990s, however, analysts tested the Hecksher-Ohlin 
theory only for all imports and all exports of a given commodity regardless of the 
origination or destination region. In the late 1990s, Davis, Weinstein, Bradford, and 
Shimpo (DWBS 1997) and He and Polenske (HP 2001) both tested the Leontief 
paradox using Japanese region-to-region shipments. Although both sets of authors 
used 1985 interregional input-output data for Japan, the DWBS tests differ signifi- 
cantly from those by HP. First, DWBS tested the HOV theory both internationally 
and interregionally, whereas HP tested it only interregionally. Second, DWBS used 
the same Japanese input-output technologies for all countries and regions, whereas 
HP allowed the regional technologies in Japan to differ. Third, DWBS converted 
all data into a measurement of the net factor content of trade to determine whether 
the assumption of identical homothetic preferences is plausible for the Japanese re- 
gions. Fourth, both groups of analysts conducted “sign” tests, but DWBS did them 
for countries, whereas HP did them for regions to determine whether the region 
is a net exporter or importer of the factors predicted by the theory. Even with the 
vast differences in the tests, both sets of authors concluded that the HOV theory 
holds for some regions/countries, but for others the paradox holds. We conclude that 
analysts need better interregional trade data and supporting economic-social data 
before they can conduct tests of the Hecksher-Ohlin and other interregional-trade 
theories effectively. 



2.3 Regional trade and input-output accounts 

Underlying the interregional-trade theories is the early development in the field 
of regional, intranational, multiregional, and interregional input-output accounting 
structures with trade flows. Isard (1960) developed the interregional input-output 
(IRIO) accounts in which trade flows are fully specified by region and by sector. 
This accounting structure is still used in Japan for their IRIO tables, which the 
Japanese have published once every five years since 1960, originally for 9 regions 
and 10 sectors (Abe 1986). 
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Table 1. Technology and trade matrices 



Type of model Inter-industry matrices Trade matrices 

No. Size Rows No. Size Rows 





(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


National 


1 


m X m 


Xij 


0 


na 


na 


Regional 


1 


m X m 


^ij,gh 


2 


1 X m 


^io,goi 

^io,oh 


Intra-national 


N 


m X m 


^ij,oh 


1 


1 X mn 


[^io,go~ 

^io,oh] 


Multi-regional 


N 


m X m 


^ij,oh 


m 


n X n 


^io,gh 


Interregional 


N 


m X m 


^ij,gh 


1 


mn X mn 


^ij,gh 



Source: Polenske (1995) 

Note: For all five models, an analyst needs to supply exogenously the vectors of 
final demand 



The meaning of the symbols is: i producing industry; j purchasing industry, g 
shipping region, h receiving region, m number of industries (commodities), n 
number of regions, o summation, x inter-industry or trade flow, and na for not 
applicable 

Earlier, Leontief (1953b) decided that most analysts would not have access 
to detailed interregional-trade data; therefore, he devised the intranational input- 
output accounts in which only net trade flows are specified for each sending region 
and sector. He and his colleagues at the Harvard Economic Research Project (HERP) 
first applied this framework for a Joint Economic Committee study of a proposed 
cutback in Vietnam defence expenditures (Leontief et al. 1965). They conducted 
the study for 19 regions and 58 sectors (17 local and 41 national) to determine the 
effect that a 20% cutback in Vietnam military expenditures would have on the US 
regions. The use of net trade flows was not satisfactory, partly for reasons indicated 
in the section below on interregional-feedback effects. 

Leontief and Strout (1963) devised the multiregional input-output (MRIO) ac- 
counts. Polenske (1970) first fully implemented the MRIO model using Japanese 
data; then, she and her HERP staff Anderson and Shirley implemented in 1974 the 
MRIO model for 51 US regions (50 states plus Washington, DC) and 79 sectors. 
In this case the analysts used the MRIO model to project output and interregional 
trade flows for each of the regions and sectors. 

Table 1 shows the variables analysts used in each of the three input-output ac- 
counting structures. Polenske (1995) describes these formulae and provides details 
on Leontief’s contribution to the interregional-trade literature. 

Leontief et al. (1977) also built a world model, in which countries and groups 
of countries became regions. They constructed this world model using a similar 
theoretical framework as the MRIO model and had world supply pools from which 
the demanders obtained their goods. 




Trade and spatial economic interdependence 



275 



3 Feedbacks in input-output analyses and their relevance to trade^ 



In a series of articles, Miller (1966, 1969, 1986) introduced the notion of interre- 
gional feedback effects into the literature of regional analysis. Subsequent work 
extended the ideas to the spatial domain (Miller and Blair 1985), while Gillen and 
Guccione (1980) and Guccione et al. (1988) explored the notions of upper bounds 
in interregional-feedback effects. These pioneering studies opened a new way of 
thinking about regional economic connectivity. Although Miller’s initial intention 
was “to suggest one method of quantifying the error that results from ignoring inter- 
regional linkages” (Miller 1966, p. 106), his research also raised concerns about the 
focus of attention of regional input-output analysts on intraregional interactions. In 
many cases, analysts estimated external trade (imports and exports) as a residual. 

For the case of two-region input-output system, the direct inputs can be repre- 
sented by the following block matrix: 






All Ai2 
A21 A22 



( 1 ) 



where An and A 22 are the quadrat matrices of direct inputs within the first and 
second regions, and A 12 and A 21 are the rectangular matrices showing the direct 
inputs purchased by the second region and vice versa. Final demand (F) and gross 
output (X) vectors are partitioned in a similar fashion: 







Xl 

^ 2 . ’ 



To isolate the interregional feedbacks. Miller compared the following vectors: 

(I — All) ^fi and [l — An — Ai 2 (I — A 22 ) ^A 2 i] fi, 

and computed the summary aggregated measures (norms) of the difference between 
them. 

An alternative view draws on the following partition of the Leontief inverse: 






Bn Bi2 
B21 B22 



( 2 ) 



Miller’s interpretation can be reconsidered in terms of an extended or augmented 
Leontief inverse (Yamada and Ihara 1969). This can be further elaborated with the 
help of the Schur formula (Schur 1917; Sonis and Hewings 1993): 



Bii 


B11A12B2 






B1A12B22 


_B22A2 iBi 


B22 




B2A21B11 


B22 



where the matrices Bi = (I-An)“^ andB 2 = (I— A 22 )“^ represent the Leontief 
inverses of the first and second regions (revealing the intraregional interindustry 
feedback effects), while the matrices (A 21 B 1 ), (Bi A 12 ), (A 12 B 2 ) and (B 2 A 21 ) 

^ This section draws on Sonis and Hewings (2001). 
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show the induced effects on output or input between two regions (Miyazawa 1966; 
Sonis and Hewings 1995). 

Further, 

Bii = (I — All — Ai2B2A2i)”^ ... 

B22-(I-A22-A2iBiAi2)-1 

are the extended Leontief multipliers for the first and second region, inverses of the 
so-called Schur complements: 

51 = All + A12B2A21 

52 = A22 + A21B1A12. 

They include the direct inputs. An and A 12 , circulating within the regions and 
inputs, A 12 B 2 A 21 and A 21 B 1 A 12 , which represent the economic self-influence 
transactions of one of the regions through the other region. The Schur complements 
have been referred to by Miller as the interregional feedback effects: for the isolation 
of interregional feedbacks. Miller compared the vectors Bifi and Bnfi = (I — 
Si)“^fi. Moreover, the same procedure was used by Miller in the case of three- 
and four-region input-output systems (Miller 1986).^ Sonis and Hewings (1998b) 
extended Miller’s concept of interregional feedbacks within the wider framework 
of feedback loops of economic self-influence. 

Closed feedback loops provide the building blocks for the identification of the 
myriad economic interactions within an input-output system. In essence, this ap- 
proach offers a more detailed view of feedback effects by first identifying the paths 
of influence across regions and then proposing a hierarchical extraction method to 
identify the paths in terms of the order of their economic importance. Hence in 
contrast to Miller, whose prime concern was the magnitude of the feedback effects, 
the approach of feedback-loop analysis and a complementary method of structural- 
path analysis offer analysts the opportunity to examine the spatial structure of the 
feedback process. In the next section, we revisit this issue in the context of the 
fragmentation of production (Jones and Kierzkowski 1990, 2001) 



4 Issues in trade 

One of the advantages stemming from a more regional (spatial) approach to trade 
analysis has been the insights into the structure of this trade, expanding and en- 
hancing more traditional concerns. A number of issues arise from the current 
interregional-trade theories and analyses, including the increase in complexity, ver- 
tical specialisation and feedback loops, and intra-industry trade. 

^ In addition the errors resulting from the suppression of feedbacks was introduced in the vectors 
Bifi and Bufi (Miller 1986); the least upper bound was defined using matrices Bn and Bi (Guc- 
cione et al. 1988) as: 

LUB = max{||(Bii - Bi)f|| / |lBnf|| = |(Bn - Bi)B-i | = ||(Bn - Bi)(I - Si)|l , 

where ||Bf || and 1|B1| denote the sum of absolute values of the elements of the vector Bf and the largest 
column sum of the absolute elements in the matrix B. 
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4.1 Increasing complexity 

An important dimension of these changes that analysts have not explored relates 
to the structure of the remaining establishments in two important senses. These 
processes have been variously described diS fragmentation or evidence of vertical 
specialisation in production. A general framework for analysing fragmentation was 
presented for the first time by Jones and Kierzkowski (1990), in which they state 
that production blocks can be connected by service links. Arndt and Kierzkowski 
(2000) further noted that fragmented production need not be performed in close 
spatial proximity, while Jones and Kierzkowski (2001) suggest that the process 
of fragmentation is emerging as one of the dominant new patterns of production 
processes in the world economy. Hummels and Levinsohn (1993) and Hummels 
et al. (1998) formalised these processes into the notion of vertical specialisation of 
production, whereby different stages in the commodity chain of production would 
be performed in different locations, in many cases different countries. Why is this 
happening? First, these establishments are increasingly part of multi-establishment, 
multi-regional firms and, secondly, the size distribution of these establishments and 
firms changed over time. If production systems are being reorganised (see below), 
then is this pattern of reorganisation common across all firms, no matter their or- 
ganisational structure or size? Further, what has happened to the ownership and size 
distributions over the past three decades and are changes similar across all manufac- 
turing sectors? For the most part, empirical work to solve these issues has not been 
forthcoming; the link between ownership, spatial organisation and international and 
interregional trade presents a significant opportunity for investigation and a chal- 
lenge for spatial modelling, because analysts would have to modify many of the 
existing models in challenging ways to accommodate new analytical dimensions. 



4.2 Vertical specialisation, feedback loops 

The dramatic increase and sophistication of inter-country and interregional depen- 
dencies in production over the past three decades have challenged input-output 
analysts to find ways of adapting input-output data to provide the needed insights 
and understanding of the spatial structure of the global production systems. Sev- 
eral new approaches have been presented and they appear to share some similar 
structure. We present and compare them in this section. 

One of the most important features associated with feedback-loop analysis is the 
ability to direct attention to the geographic structure of these interregional flows. 
More sophisticated trade patterns will be revealed through a shift from dominance 
by bilateral feedback loops (an essential part of exchange) to trilateral and multilat- 
eral loops. Feedback-loop analysis offers a method of placing feedback effects on a 
network (Sonis and Hewings 1988). Hewings et al. (1998) in a recent analysis of the 
Chicago regional economy over time discovered a hollowing-out process whereby 
intraregional transactions were being replaced by interregional flows. Their fur- 
ther analysis of the structure of these interregional flows in the Midwest revealed 
patterns that they could not explain by the usual appeals to comparative advan- 
tage. A large percentage of the flows were intra-industry across regions, reflecting 
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a tendency to exploit scale economies through specialisation in a small range of 
products within one industrial sector (Hewings et al. 1997). 

Furthermore, circularity (or multi-regional interdependence) is one of the four 
basic concepts of structural analysis articulated by Leontief (1963), together with 
dependence, interdependence and hierarchy. What has yet to be explored is the 
identification of a spatial hierarchy of trade flows, and it is here that feedback- 
loop analysis provides the potential for uncovering the nature, strength and spatial 
linkages of trade flows. Although we explore the hierarchy of trade flows at only 
one spatial level (between regions within a country), other analysts, such as Sonis 
et al. (1994), have explored the hierarchy across spatial levels. 

Further, empirical models of trade tend to be either very macro in nature (such 
as computable general-equilibrium models), or they operate at a very micro, sector- 
by-sector level. Analysts have not tried to trace the network of exchange. Feedback- 
loop analysis is offered as a more meso-level approach; in essence, it shares some 
of the goals of structural-path analysis (Defoumy and Thorbecke 1984; Khan and 
Thorbecke 1988) in that both methods attempt to reveal the multitude of paths or 
linkages within an economy. Whereas structural-path analysis operates at a very 
micro-level (individual paths between sectors), it does offer the opportunity to 
provide some form of ranking or hierarchy for these paths. The methodologies also 
share the property that each path in a structural path is part of a global feedback 
loop that includes the transactions between all sectors (Sonis and Hewings 1988). 

Feedback-loop analysis occupies an intermediate position between macro anal- 
ysis of linkages derived from typical input-output analysis and the very micro 
structural-path analysis. It also shares a common heritage with earlier interest in the 
analysis of interregional feedbacks that began with Metzler’s (1950) work; the is- 
sues he raised demonstrated the theoretical difference between a simple one-region 
multiplier and a multiplier that considered interregional linkages. In input-output 
analysis, empirical and theoretical work has focused on the size of these feedback 
effects and their estimation under conditions of limited information (Miller 1986; 
Guccione et al. 1988). In essence, feedback-loop analysis not only reveals the mag- 
nitude of the flows, but also the hierarchical structure. In the empirical examples 
that follow, attention will be directed to the process of self-influence; this may be 
considered, in developmental terms, as an evaluation of the strength of the gains 
that might accrue to each region through its ties with all other regions in the same 
feedback loop. 



4.3 Intra-interindustry trade 

Interstate trade is increasing but is dominated by intra-industry trade - as the ev- 
idence provided by Munroe and Hewings (1999) reveals using indices of cross- 
hauling (trade overlap). Using two-digit Standard Industrial Classification (SIC) 
data, they found that there was a very high degree of trade overlap for the Midwest 
states. If so, what is being traded? Essentially, specialised products from one es- 
tablishment moving into another establishment for further value-added activities in 
the context of a value chain of production (i.e., increasing transformation towards a 
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final product). As Krugman (1991b) has noted, this finding would be entirely con- 
sistent with the precepts of the new trade theory, reflecting trade between regions 
(states) with few differences in per capita income, resource base or size. However, 
an analyst might suspect that cross-hauling would decrease as one moved from the 
2- to the 7-digit SIC detail. 

The net result of all these processes is that the value-chain/commodity chain 
now involves more interstate movement. In the 1960s and 1970s, the value-chain 
was much more spatially restrictive with perhaps only final or close-to-final prod- 
ucts moving over longer distances. In the past ten years, this has given way to a 
greater transportation intensity in production than before, with several commodi- 
ties moving across state lines once en route to final consumption. This process of 
transformation, a decrease in internal and an increase in external dependence has 
been termed “hollowing out” by Okazaki (1987) and Hewings et al. (1998). More 
formally, one might think of the hollowing-out process as a decrease in the den- 
sity of interactions within an economy. For example, in the Chicago metropolitan 
economy, while aggregate production has increased (and is projected to continue to 
increase) intermediation has remained rather steady, leading to an increasing gap 
between local production and local supply. Of course part of the decrease might be 
attributed to technical change, price changes or changes in the competitive position 
of economies, but the overwhelming evidence derived from the trade data would 
suggest that these processes are dominated by changes in trade patterns. 



5 New trade theory 

New Trade Theory is directly relevant to the reasons underlying the occurrence 
of trade in the first place and the issues of specialisation between countries (re- 
gions). Policy questions concerning the effect of imposing tariffs or import quotas 
or determination of an optimal trade policy are beyond the scope of this review. 

Three main issues have dominated the New Trade Theory that make it differ 
from the Old Trade Theory, namely assumptions concerning the presence of: (1) 
imperfect competition, instead of perfect competition, (2) increasing returns, rather 
than constant returns, and (3) a large, instead of a small size, of the domestic market 
(Krugman 1996; Kurz et al. 1998). By including imperfect competition, new trade 
theorists used information garnered from industrial-organisation case studies to ex- 
pand beyond the perfect-competition models. Krugman (1981) included increasing 
returns in models for countries with identical technologies and demand; Venables 
(1985) then included increasing returns in models with transportation costs and dif- 
ferences in demand patterns. Finally, they developed a set of more eclectic models 
to show that the size of the domestic market mattered, as well as history. 
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6 Regional and global supply-chain theories^ 

Supply chains are defined in many ways. One way is to say that they represent 

... an integrated process wherein a number of various business entities (i.e., suppliers, manu- 
facturers, distributors, and retailers) work together in an effort to: (1) acquire raw materials, (2) 
convert these raw materials into specified final products, and (3) deliver these final products 
to retailers (Beamon 1998, p. 281). 

Another definition (more closely related to the logistics literature) is to say that 
the supply chain is a logistics system of all activities that facilitate the flow of goods 
(and information) from the purchase of raw materials to the delivery of goods to final 
consumers, including demand forecasting; plant location; procurement of inputs; 
materials handling; order processing; industrial packaging; transportation and the 
routes to be used, warehousing and storage and their location; inventory control; 
return-goods handling; distribution communications; salvage and scrap disposal, 
and parts and customer servicing (Coyle et al. 1988). 

Although analysts have only recently begun to discuss “supply chains” within 
the regional-planning literature, it is a concept that actually predates the restructur- 
ing literature in regional economics. A supply-chain framework is most obviously 
relevant for transportation analyses, but analysts should also find it productive to 
use for many other types of regional analyses, including energy and environmental 
studies. Of the analysts we review below some conduct case studies of individual 
firms or a cluster of industries (Pereira 1 997 ; Polenske 200 1 ; McCann 1998). Those 
who conduct these types of microeconomic analyses reach important findings for 
one firm or cluster, but they frequently cannot generalise beyond that firm/cluster. 
Gereffi (1994), and other analysts (Ellram 1991; Gereffi and Korzeniewicz 1994) 
conduct mainly macroeconomic analyses for a region or nation, usually omitting 
the interesting firm details, although Glasmeier and Kibler (1996) do both. Polenske 
and her team look not only at the firm level, but also begin building the entire net- 
work of linkages among firms. Thus, they view a supply-chain framework as an 
intermediate level of analysis requiring more information than is needed to examine 
an individual firm, but less information than is required to study the entire economy 
or network of firms. 

The supply-chain concept, as we use it for regional planning, has a foundation 
in two sets of theoretical literature: (1) early regional development literature on 
infrastructure planning and industrial development, and (2) logistics and supply- 
chain management literature primarily from civil engineering, operations research, 
and management literature. Analysts from each discipline have a unique way of 
looking at issues that relate to supply chains, and decision-makers in each disci- 
pline use supply chains for different analytical purposes (Polenske 2001). From 
a regional-planning perspective, we find it useful to consider the economies (dis- 
economies) of dispersing their activities over the supply chain, leading to what 
Polenske (2003) calls dispersal economies (diseconomies) (Polenske and Li 2003). 
In location economics, this dispersal has been treated as efforts by the firm to reduce 
cost by developing cost-minimisation location models, but the supply-chain con- 
cept brings in new considerations to this issue. The supply-chain approach widens 

This section is partially based on Polenske (2001, 2003), and Polenske and Li (2003). 
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the investigation beyond looking at relative shipments being a function of relative 
delivered costs, a proposition based upon neoclassical location and trade theory 
(Hoover 1937; Isard 1956). 

Supply chains are part of the important literature in management and engineer- 
ing, where they are often referred to as production, value, or commodity chains, 
or logistics. Here, we refer to all the relevant engineering and management litera- 
ture under the term “supply chains”. Transportation and management scholars and 
analysts first discussed supply chains (Arntzen et al. 1995; Ballou 1992; Coyle et 
al. 1988; Beamon 1998). Supply-chain management (SCM) is now a major field 
of study in many universities. Gereffi (1994) is one of the best known among the 
national scholars, especially for his work on commodity chains. 

These are theories that started in transportation departments, management 
schools, and political science departments and are just now being adapted to re- 
gional analyses. We are struck by the fact that until the work by Pereira (1997) as 
part of the MIT multiregional planning research group (Polenske et al. 1996), no 
regional analysts had examined the role that supply chains play in industrial and 
regional restructuring. Pereira applied this concept to analysing the metalworking 
sector in Chicago. Historically, the Chicago metalworking sector has been one of 
the largest in the United States. During the 1990s, many metalworking firms were 
supposedly leaving Chicago as the sector underwent transformation. Productivity 
and competitiveness of the firms affected its position in the market. Pereira found 
that the Chicago metalworking firms had two general supply chains: a “custom” 
chain, which features a producer of a custom or specialty good, such as tools, dies, 
and molds, and a “standard” chain, which features a producer of a relatively stan- 
dard good, such as hardware and containers. This distinction brings another factor 
into interregional trade-flow estimation because, on the one hand, the custom-chain 
firms had longer lead times, lower inventory levels, fewer forecastable demands, 
and fewer formalised transportation and logistic strategies than the standard-chain 
firms. On the other hand, Pereira found that the standard metalworking firms had a 
greater sensitivity than custom metalworking firms to transport policies, but none 
of the firms that he interviewed calculated inventory-related costs. 

In addition to separating the two types of supply chains, Pereira separated 
the inbound shipments from the outbound shipments for the firm and assessed 
from survey data which of 12 characteristics a firm considers important. Thus he 
emphasises that the direction of the flow of the good (to or from the plant) makes 
a difference in terms of the factors that a firm manager considers important in 
relation to the shipments. Chicago metalworking firms listed the top five demand 
characteristics as price, speed, reliability, accessibility, and tracing on the inbound 
side, while they listed the top five characteristics as speed, reliability, price, safety, 
and accessibility on the outbound side. Although price ranks as the top characteristic 
for the inbound shipments, it ranks third for the outbound shipments. In the simple 
neoclassical location-theory model, transport price is the chief determining factor 
for firms’ location decision. Pereira found however, that a more complex and rich 
set of factors than posed by neoclassical theorists relate to the entire supply chain, 
thus affect the production and distribution decisions for metalworking firms, and 
also probably affect where the firms will locate. 
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Although McCann (1998) developed his unique theoretical logistics-cost model 
to determine the location behaviour of firms, his findings also have implications for 
interregional trade. McCann (1998, p. 5) says that Lever (1974) hypothesised that 
products whose value/weight ratio is large (usually customised goods) will have 
longer linkages and different patterns from those products whose value/weight ratio 
is small (usually standard goods). McCann tries to determine the relative importance 
of information-acquisition and transportation-distance costs to the individual firms. 

Poienske and her research team members (Poienske 2001; Poienske and Li 
2003) are now using an integrated supply-chain, input-output model to analyse 
the coal, coke and steel shipments in the cokemaking and steelmaking sector in 
the People’s Republic of China and the pollution generated by alternative shipment 
patterns as producer and consumer locations change and as new shipment routes are 
developed (Fig. 1 ). They are finding that depending upon the objectives of the policy 
maker, cokemaking firms can be aggregated to achieve agglomeration economies 
or disaggregated to achieve dispersion economies, the latter being a term Poienske 
coined in her 2001 paper. 



7 Current and new research directions 

Many new and exciting possibilities exist for work on interregional commodity 
flows and spatial interdependence. The macro trade models developed so far are 
too aggregate for use by policy makers interested in flows over specific routes. 
In an attempt to work at a very disaggregate trade level, many regional ana- 
lysts develop/use network general equilibrium models. Their models incorporate 
increasing-cost functions (Beckmann et al. 1956) and are often partially based on 
a spatial price-equilibrium framework for the allocation of flows between origins 
and destinations (Takayama and Judge 1971). By extending the basic model into a 
dispersed, spatial price-equilibrium framework, analysts (Batten and Westin 1989) 
allow for cross hauling, and by endogenously deriving the spatial non-separable 
supply or demand functions for the agents who pay the transport costs, Roy (1994) 
allows for trade with and without intermediaries. 

The work by Boyce (1984), Friesz et al. (1985), and Friesz et al. (1993) on 
network models is highly theoretical, often relates to urban mobility of people, not 
interregional mobility of commodities, and has included little empirical testing. 
One of the few exceptions to the latter point is the network-flow model for US coal 
flows by Kuby et al. (1991). Of the theoretical work, especially promising is the 
introduction by Nagumey (1987, 1993) of non-separable (vector) forms of supply 
and demand functions and variable transport costs into so-called “variational 
inequality” frameworks and concerns with problems of computing large systems of 
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equations^ as well as the work by McCann (1998) on a logistic-cost approach to 
location theory. 

With the new theoretical work and if appropriate data are found, network-trade 
models may prove to be more useful for policymakers in the future than they have 
been in the past. Analysts may find it useful to combine this network analysis of trade 
with the extensive work on industrial networking. Also, industrial restructuring 
affected how different sectors interact with the transportation sector, including the 
entire logistics of moving the products from the producer to the market. Although the 
duality between location and transportation has been a feature of regional- science 
analysis from its inception, the increasing competitive nature of spatial-production 
systems requires that analysts give even greater attention than before to ways in 
which small changes in production technology, changes in transportation prices, 
and changes in consumer preferences combine to alter the spatial distribution of 
production. 

More aggregate work on regional trade, along the lines of the comparative ad- 
vantage and multiregional modelling research discussed earlier, is also useful to 
answer regional linkage questions at a less-detailed level. We could not find anyone 
who has looked in detail as to why the factor-proportions theorem may hold inter- 
regionally but not internationally. Very extensive tests are needed. For the United 
States, they could be conducted using old, but very detailed, 1963 and/or 1977 
US interregional commodity-flow data that are linked to 51 regional input-output 
tables (Polenske 1980; Faucett 1983).^ As we noted throughout this review, issues 
of non-comparability of data definitions, spatial discordances in the definition of 
regions, and problems of different time designations present enormous challenges. 

In addition, studies along the line of those by Rivera-Batiz (1988), Englmann 
and Walz ( 1 995 ), and others on specialised non-traded inputs could lead to important 
new developments in modelling non-traded goods. This is also a topic that Krugman 
(1991a), who reawakened economists to the importance of interregional trade in 
regional development,^ briefly discusses. In essence, recent research has renewed 
interest once more in the linkages between regions, now manifested in flows of 
goods, services, and people, on the one hand, as well as the less visible flows 
of ideas and information, on the other hand. Modelling these flows will require 

^ Using social-accounting-matrix (SAM) data, MRIO data, and state-to-state migration data, and a 
Splitting Equilibrium Algorithm, Nagumey (1993) tested the speed with which the new supercomputers 
can generate solutions for the constrained matrix equilibrium problems. She maintains that her approach 
increases the modelling flexibility. 

^ Separate interregional data are also available for 1967 and 1972. Although the US Census of 
Transportation was discontinued after 1977, it has been reinstituted. In Japan interregional input-output 
tables from which interregional trade data can be calculated are available every fifth year since 1960 
(Abe 1986). 

^ Many regional economists are puzzled by Krugman. Why should a mainstream economist be able 
to attract considerable attention about issues that regional analysts had been publishing for years? 
Krugman’s (1991a, p. 99) answer seems to be that “economists could not produce models of economic 
geography that satisfied the professipn’s ever-growing demand for rigor ...”. Yet, much, some say too 
much, of the regional economics literature is very rigorous. An analyst can be rigorous without using 
formal mathematical models. A more plausible answer is that mainstream economists, including until 
recently Krugman, read only their own economic journals and books, overlooking material written by 
regional economists. 
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analysts to develop considerable innovation in the way in which existing systems 
are integrated. 
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Abstract. The environment, broadly construed, is increasingly a salient topic in 
regional science research. Theoretical and empirical inquiries by regional scientists 
have progressively begun to address the manifold environmental ramifications of 
regional science questions. As such, there now exists a sizeable literature on what 
we may call the environment in regional science. Given this state of affairs, the 
purpose of this article is to survey this extensive literature. To provide sufficient 
focus, we do this by discussing five key issues in the extant literature on the envi- 
ronment in regional science. These issues are: (i) regional economic development, 
(ii) environmental regulation, (iii) natural resources, (iv) international affairs, and 
(v) geographic information systems. Our survey is both retrospective and prospec- 
tive in nature. We are interested not only in what has been accomplished thus far 
but also in where research on the environment in regional science is headed in the 
future. 

JEL classification: ROO, RIO, Q20 

Key words: Environmental regulation, geographic information system, interna- 
tional affairs, natural resources, regional economic development 



1 Introduction 

Widespread concern about environmental quality (air, water, land, bio-diversity, cli- 
mate) has motivated researchers to reflect thoroughly on scientific research and pol- 
icy tools concerning the improvement of environmental conditions on planet earth. 

* We thank the guest-editors and an anonymous referee for their constructive comments on a previous 
version of this article. Batabyal acknowledges financial support from the Gosnell endowment at RIT. 
The usual disclaimer applies. 
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Economists have addressed the many relevant issues mainly from an externalities 
perspective, following the tradition of Marshall, Pigou, Scitovsky, Coase, Mishan, 
and others. An externality may be seen as a divergence between the marginal social 
and the marginal private cost (or benefit) of a good. An environmental damage 
implies a negative externality, which - in the case of governmental intervention - 
may lead to the policy need for a tax, an environmental standard, or some other 
measure. The environment may now be interpreted broadly, so that the notion of an 
environmental scarcity incorporates either intergenerational equity considerations 
or the world as a whole (van den Bergh 1999). This broad interpretation has become 
rather fashionable in the context of the nascent interest in sustainable development 
(Brundtland 1987). 

Space is normally the medium through which environmental externalities are 
distributed. Hence, there is a close connection between the environment and space, 
or between environmental quality and regional development. This relationship may 
display complex ecological-economic interdependencies, in both the input and the 
output side of the economic process. This holds for all geographic scale levels, 
e.g., transport and the local environment or trade and the global climate. Thus, 
the spatial dimension does appear to be the vehicle through which social costs are 
often transferred from a polluter to a pollutee. Consequently, the study of environ- 
mental quality conditions requires us to pay adequate attention to regional and to 
interregional linkages in production, consumption, transportation, and to ecological 
interactions. 

There is also no denying the fact that the environment, broadly construed, is 
increasingly a prominent topic in a wide variety of research that falls under the 
rubric of regional science. Theoretical and empirical investigations by regional 
scientists since the 1970s have gradually begun to address the numerous environ- 
mental ramifications of regional science questions. Consequently, there now exists 
a large literature on what we may call the environment in regional science. Given 
this state of affairs, the objective of this article is to survey selected parts of this 
extensive literature. Given the size of this literature, it is important that our article 
not resemble the Platte river, which is one inch deep and five miles wide!^ There- 
fore, in what follows, we shall attempt to be sufficiently broad and deep at the same 
time. Furthermore, our intention is to be both retrospective and prospective. We 
are interested not only in what has been accomplished thus far but also in where 
research on the environment in regional science is headed in the future. 

The general structure of this article is as follows. We shall first argue that en- 
vironmental quality and resource availability are closely connected with industrial 
and service development in a given area and with the welfare of people living in 
cities and regions. Non-market transactions in the context of the environment may 
lead to undesirable unpriced effects. Therefore, in the case of such market failures 
(or environmental externalities), there may be a reason for governmental interven- 
tion of one sort or another (taxation, a specific regulatory framework, standards, 
etc.). Clearly, regional development requires the use of scarce natural resources. In 
this connection, it is important to comprehend that the natural environment provides 



SeeWilen(1985,p.61). 
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a useful resource base that may support economic growth, but the depletion of this 
base may also erode environmental quality. Furthermore, it is worth noting that 
environmental externalities are spatial in nature, and often of a cross-border type, 
and as such, even the wider international dimensions of environmental externalities 
have to be considered in regional analysis. At any relevant spatial scale of analysis, 
there is a need for a clear mapping of the spatial ramifications of environmental 
decay. Indeed, such a mapping may lead to the use of proper representational tools 
such as geographic information systems, which may act as an empirical input for 
spatial-economic and environmental models. 

To offer a concise, non-exhaustive, and at the same time relevant introduction 
to spatial-environmental issues, we have selected five significant issues in regional 
science where we believe the environment is particularly worthy of study. Moreover, 
it is our contention that the most salient and interesting new research in regional 
science is likely to involve one or more of these five issues. These five issues 
are: (i) regional economic development, (ii) environmental regulation, (iii) natural 
resources, (iv) international affairs, and (v) geographic information systems. 

Consequently, the remaining part of this article is organised as follows. Section 
2 discusses environmental issues in the context of regional economic development. 
Section 3 focuses on the nature of regulatory policy when environmental and re- 
gional issues are germane. In Sect. 4 we address issues related to natural resource 
use in a regional setting. Then, Sect. 5 concentrates on the international dimension 
of environmental and regional questions, and Sect. 6 focuses on the present and 
potential future uses of geographic information systems (GIS). Section 7 offers 
concluding remarks. 



2 Regional economic development 

The general subject of regional economic development has occupied regional scien- 
tists for several decades. However, only relatively recently have researchers begun 
to investigate the occasionally broad and sometimes narrow environmental dimen- 
sions of regional economic development. The focus of attention has sometimes 
been on local growth issues - such as air pollution caused by an industrial plant 
or the noise caused by airplanes - and at other times on global issues such as the 
impact of industrial transformations and bio-diversity loss in a given area. As such, 
we now address three aspects of regional economic development in which the envi- 
ronment, either explicitly or implicitly, is a material factor that has received much 
attention. These aspects are the local institutional environment, the incorporation 
of ecology in regional analysis, and the local industrial structure. 



2.1 Local institutional environment 

As mentioned above, the environment may have a broad meaning referring to all 
driving forces and effects outside the regional economic system at hand. An im- 
portant research issue in such a setting is the following. What is the best way to 
study and explain the environment of regional economic change? This question has 
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attracted the attention of regional scientists on both sides of the Atlantic. In France, 
scholars such as Aydalot (1986), Lecoq (1989) and Perrin (1991) have argued that 
in order to comprehend the context of regional economic change, one must first 
focus on the local environment (milieu). But here the local environment comprises 
both physical and immaterial (e.g., man-made institutional) factors. According to 
this line of thinking, what drives regional economic change is the presence and 
significance of local institutional networks.^ Thus, in this line of work, we witness 
a very broad interpretation of the environment. 

This kind of thinking has been used by researchers such as Mitchell-Weaver 
(1992) to comprehend the nature of regional economic change in Pittsburgh and the 
surrounding regions.^ As he points out, the local environment in the Pittsburgh area 
is dominated by the presence of two essential institutional networks: the integrated 
regional industrial complex and the public-private partnerships built up through the 
Allegheny Conference on Community Development (ACCD). Does it make sense 
to appeal to the policies of these two networks to explain the empirically observed 
changes in the economy of the Pittsburgh area? Mitchell-Weaver’ s (1992) analysis 
does not lead to a definite conclusion. He concludes that “much more work is needed 
to affirm the effectiveness of regional innovation networks and to evaluate in what 
circumstances and in which time frames they might work” (Mitchell-Weaver 1992, 
p. 285). 

The role of such broad environmental contexts as private and public policies and 
institutional ramifications have been studied in other contexts as well. For instance, 
what impact does federal policy that designates particular regions as wilderness 
areas have on regional economic development? Duffy-Deno (1998) uses a sample 
of 250 non-urban counties in the eight intermountain states of the United States 
and shows that contrary to popular belief, federal wilderness policies have little 
or no impacts on county level resource based regional development. This broad 
institutional environment perspective has also found more focused applications in 
environmental-ecological quality management. 

For example, concentrating on the case of Montreal, Fischler and Wolfe (2000) 
point out that, inter alia, environmental issues have influenced deficit reduction and 
governmental downsizing and that such policies have had a significant effect on the 
restructuring of Montreal and the surrounding regions. 

Finally, Lambert and Boemer (1997) address the disputatious subject of en- 
vironmental justice. In this context, an important question is the following. Are 
economic factors the primary cause of environmental inequity? Yes, say Lambert 
and Boemer (1997). Therefore, if regional economic development is to be “envi- 
ronmentally just”, then it will be necessary to institute “a policy that compensates 
individuals living near industrial sites ...” (Lambert and Boemer 1997, p. 195). 
Clearly, such approaches also call for the use of neo-Rawlsian principles in envi- 
ronmental policy. In sum, a broad perspective on the meaning of the environment 
often leads to a wide array of differing viewpoints, and this creates a potential risk 

^ For a discussion of private and public policies in a Dutch land use context, see Nijkamp et al. 
(2002). 

^ The use of this kind of thinking can also be found in Piore and Sable (1984), and in Scott and 
Storper (1986). 
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of ending up with a diffuse, analytical framework. Therefore, in the remainder of 
this article, we address the environment from a principally ecological angle. 



2.2 Environmental quality 

Environmental quality is a multi-faceted concept that refers to the state of the phys- 
ical environment, as measured by a set of appropriate indicators. Put somewhat 
differently, environmental quality refers to the condition of the natural or built 
environment at a point in time (space) or over time (space). In regional environ- 
mental policy analysis there is the usual tradeoff between economic development 
and environmental quality. Even so, despite the salience of regions, the nexus be- 
tween environmental quality and economic activity and growth has typically been 
examined in a non-regional setting. In an attempt to rectify this lacuna in the litera- 
ture, van den Bergh and Nijkamp (1998) develop and analyse a theoretical model of 
multiregional growth, environmental processes, and multiregional trade."^ Although 
deterministic, this model is elaborate enough to account for capital accumulation 
and depreciation, investment in technological innovation, regional environmental 
dynamics, and the distribution of output between the two regions being studied. 

When each region strives for optimal economic growth, taking the actions of 
the second region as given (this is the non-coordination model), van den Bergh and 
Nijkamp (1998) show that free-rider benefits over time may result. In contrast, in 
the coordination model, the rate of economic growth in each region will be slower 
(faster), as environmental externalities dominate (are dominated by) technological 
externalities. What happens when there are multiregional externalities? Van den 
Bergh and Nijkamp (1998) show that in the presence of multiregional externalities, 
it may not be possible to sustain growth in either region or in the global system. 

Obviously, environmental quality issues are significant not only in theoretical 
settings but in practical settings as well. Here, the work of Liew and Liew (1995) 
and Fare et al. (2001) is germane. Liew and Liew (1995) have used data for 1991, 
1992 and 1993 to study the impacts of the use of compressed natural gas (CNG) 
in motor vehicles on employment and on air quality in Tulsa, Oklahoma, and all 
of Oklahoma. This study leads to some interesting findings. In particular, although 
the use of CNG increases natural gas consumption, this use also decreases gasoline 
consumption. Further, the use of CNG reduces transportation costs. The policy 
lesson here is clear. From a regional development perspective, the identification of 
the net environmental quality effects of a policy involves a careful analysis of the 
magnitude of the individual positive and negative effects. In sum, the analysis of 
local or regional air quality conditions requires a careful analysis of all the direct 
and the indirect spatial effects of pollutants. In this context, it may also be necessary 
to address questions related to “green” regional products. 



^ For earlier but somewhat less elaborate models of this sort, see van den Bergh and Nijkamp (1991, 
1997) and Verhoef et al. (1997). 
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2.3 Industrial composition and location 

Industrial concentration has severe impacts on the daily quality of life. Air pollution, 
noise, water pollution, and many other kinds of emissions cause unpriced effects, 
very often at a local or regional level. To understand variation in local quality 
of life, insight into the motives for industrial clustering and location is needed. 
The composition and the location of industries now become salient aspects of 
sustainable regional economic development. One can therefore ask how industrial 
composition influences regional patterns of investment. Although aspects of this 
question have been studied since the late 1970s (Varaiya and Wiseman 1978, 1981), 
it is only relatively recently that Chang (1997) noted that in order to answer the 
above general question meaningfully, one must first ascertain whether industries 
differ in their capital requirements and their investment processes. Chang (1997) 
addresses this issue by conducting an empirical analysis of the capital comprising 
the built physical environment in the United States. Her analysis demonstrates that 
differences in the economic structure between regions nicely explain the observed 
differences in interregional capital formation. Moreover, she points out that in order 
to understand the (endogenous) capital formation decision, one must first grasp the 
nexus between industry mix and regional investment. 

Just as industrial composition has a bearing on regional economic development, 
so does industrial location specifically and the regional environment in general. 
Empirical analyses of this and related questions have been conducted in Canada 
and in the United Kingdom. For instance, in their study of the siting of ethanol plants 
in Quebec, Peluso et al. (1998) show that the lowest cost of ethanol production arises 
when a large plant in a single location engages in all the production. 

Similar studies on location effects have been undertaken in the United Kingdom 
as well. For example, Roper et al. (2000) shed light on this question by examining 
the role of industry and location effects in determining the propensity to innovate. 
They show that there exist powerful interactions between the regional environment 
and the research and development (R&D) activity undertaken by plants. These 
researchers also document location effects “relating to industrial composition, the 
level of R&D activity, external ownership, the preponderance of small firms and 
the general level of regional prosperity” (Roper et al. 2000, p. 489). It goes without 
saying that a variety of regional development studies implicitly addresses various 
environmental factors. In particular, the recent discussion on sustainability has 
prompted much interest in the complex relationship between regional economic 
developments and environmental quality indicators. 



2.4 Prospect 

A considerable amount of research has been conducted in contemporary times on 
environmental issues in the context of regional economic development. Even so, 
there are outstanding research questions in this area. In particular, in the next decade 
or so, the number of private and public regional development policies will typically 
increase. These policies will, most likely, alter environmental quality in the apposite 
region(s). Consequently, there is a great need to develop metrics that can be used 
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to measure the benefits and the costs of regional development policies that have 
environmental ramifications. In this regard, Morisugi and Ohno (1995) propose to 
use a “benefit incidence matrix” to evaluate the benefits and the costs of the above 
kinds of policies.^ These researchers claim that their matrix approach is helpful 
because this approach can be easily used to gauge the efficiency and the equity 
effects of the above sorts of policies. Although this matrix approach is certainly 
useful, much more work needs to be done to comprehensively measure the benefits 
and costs of regional development policies with environmental ramifications. 

The concept of “regional sustainability”^ has increasingly become a popular 
and much bandied about notion. A number of researchers such as Giaoutzi and 
Nijkamp (1994), Jacobs and Sadler (1990), and Walter (1993) have written about 
this concept. In general, most authors appear to refer to sustainability in the sense 
of Brundtland (1987), but it is clear that much additional work on this concept 
is still needed. Specifically, because measurement criteria for judging sustainable 
development are vague, the following sorts of questions need to be addressed. First, 
what information is required to meet the challenge of Brundtland sustainability in 
a regional setting? Second, if a macroeconomic accounts approach is inadequate 
for dealing with the problem of regional sustainability, then how should one design 
green regional product accounts that pay adequate attention to local and regional 
informational needs? Third, if there is one, what is the nature of the tradeoff between 
regional economic growth and regional environmental quality? Finally, what is 
the optimal degree of interdependence between regionally sustainable economies? 
These are some of the key queries awaiting researchers. These queries are difficult 
to address because, inter alia, the inclusion of environmental, ecological and social 
factors necessarily involves both locational specificity and incommensurability. 



3 Environmental regulation 

There exists a vast literature on environmental policy and regulations (Xepapadeas 
1997). Few topics in regional science are as charged as is the question of the effects 
of environmental regulation on domestic regional economic activity. Therefore, this 
section is devoted to a discussion of the existing research on this and two related 
questions.^ 



^ There are many ways to conduct project analysis. One way is to use a benefit incidence matrix 
(BIM). As Morisugi and Ohno (1995) have pointed out, this technique is useful when a project gives 
rise to environmental effects and these effects need to be accounted for. A benefit incidence matrix 
is typically based on a socio-economic model, which itself is often constructed using multi-regional 
general equilibrium theory. When the main focus of an analyst is on tracking the sectoral impact of 
changes in policy on an entire region’s economy, a social accounting matrix (SAM) is helpful. As Berck 
and Hoffman (2002) have noted, the SAM framework is an extension of the more traditional technique 
of input-output analysis. 

^ Section 5.3 discusses additional aspects of regional sustainable development. 

^ This question has an international dimension as well. This dimension is explored in Sect. 5. 




298 



A.A. Batabyal, R Nijkamp 



3.1 Impact on regional economic activity 

Does a strict environmental policy have an effect on industrial development in a 
particular area? What is the relationship between per unit pollution abatement com- 
pliance costs and regional economic activity? Duffy-Deno (1992) used a sample of 
63 Standard Metropolitan Statistical Areas (SMSAs) to conduct a thorough empir- 
ical analysis of this important question. His econometric analysis reveals that the 
manufacturing sectors of both the Sun and Frost Belt SMSAs have been adversely 
affected by environmental regulations. This analysis also shows that employment 
and earnings gains in other sectors have most likely neutralised the losses in the 
manufacturing sectors. As such, Duffy-Deno (1992, p. 419) concludes that there 
is “weak support for the argument that environmental regulations retard economic 
activity”. 

This conclusion notwithstanding, is it also the case that environmental reg- 
ulations have a negative impact on regional capital formation at the state level? 
Garofalo and Malhotra (1995) develop a model derived from James Tobin’s (1969) 
q theory of investment to study this interesting question. The basic objective here is 
to explore the following idea. If stringent environmental regulations raise a firm’s 
cost of production, then this should reduce a firm’s q value^ and hence lower its rate 
of capital formation. Garofalo and Malhotra (1995) use panel data on 34 states and 
seven time periods to explore the above idea. They find that the “effect of environ- 
mental regulations on net capital formation is modest ...” (p. 214). In other words, 
this finding is consistent with the earlier conclusions of Bartik (1988), McConnell 
and Schwab (1990), and Duffy-Deno (1992). 

Although it is tempting on the basis of these findings to conclude that environ- 
mental regulations have little or no impact on regional economic activity, Jeppesen 
and Folmer (2001) remind us that this is not necessarily the case. As these authors 
point out, analyses based on panel data typically tend to find significant and negative 
effects of environmental regulations on economic activity. In contrast, cross-section 
studies often find less significant or even insignificant effects of environmental reg- 
ulations on economic activity. Further, analyses based on secondary data sets tend to 
find more significant effects of environmental regulation than do analyses based on 
primary data sets. Consequently, sounding a cautionary tone, Jeppesen and Folmer 
(2001) and Jeppesen et al. (2002) conclude that methodological issues form a major 
explanation for the contrastive results obtained in the literature about the effects of 
environmental regulations on regional economic activity. We may draw the obvious 
conclusion that there is a clear need for more solid, meta-analytical research in this 
field. 



3.2 Adequacy ofPigouvian taxes 

Environmental decay represents negative externalities, which are often placed and 
analysed in the context of environmental taxation. There is also generally a spatial 

^ The q value of a firm is the ratio of the firm’s market value to its replacement cost. See Tobin (1969) 
for additional details. 
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dimension to most environmental externalities such as pollution. In this situation 
is it sufficient to use a Pigouvian tax to ensure an optimal allocation of resources? 
Further, in a competitive industry, if a Pigouvian tax is used to regulate pollution, 
then will the number of firms be optimal? These sorts of questions have interested 
both environmental economists and regional scientists. 

Baumol and Oates (1988, p. 54) have argued that “economic efficiency requires 
the absence of compensation of victims of detrimental externalities ... in the case 
where the affected entities are relatively small”. This viewpoint has been challenged 
by a number of researchers such as Carlton and Loury (1980, 1986). Recently, 
Uimonen (2001) has used a spatial general equilibrium model and pointed out that 
a single instrument such as a Pigouvian tax is not adequate to restore economic 
efficiency in a polluted environment. To see why this is the case, note that in a 
competitive setting with pollution, the same environment is both a common property 
resource for firms entering the industry and an external diseconomy for current 
victims. In other words, there are two distortions in the economic environment. 
Therefore, in general, the use of a single instrument such as a Pigouvian tax will 
not lead to an optimal allocation of resources. 

What then are the properties of instruments that will lead to optimality? Ui- 
monen (2001) shows that the optimal pollution control instrument has two parts. 
The first part is a Pigouvian tax and the second is an emission rights scheme. The 
assignment of an initial emission rights scheme takes care of the problem of an 
inordinate number of firms. Further, polluting firms pay a Pigouvian tax on their 
emissions that exceed their initial emissions right. Finally, emission tax proceeds 
are distributed to the victims as compensation. These two steps, taken together, 
resolves the pollution problem. In this way, the two-part control instrument ensures 
an optimal allocation of resources. It has to be admitted however, that much more 
applied and real-world based research on such issues is needed to test some of these 
propositions. 



3.3 Role of regionalisation 

The emergence and the treatment of environmental externalities has a clear ge- 
ographic dimension. Long-lived or stock pollutants and the public debt are both 
characterised by the problem of intergenerational externalities. In closed economy 
or single region models, future generations are unable to escape these stock pollu- 
tants. However, when designing environmental policy, researchers must account for 
the fact that, in general, future generations will be able to migrate from one region to 
another. What does this observation mean for the design of environmental policies 
over time and in a regional setting? We now comment on alternate perspectives on 
this interesting question. 

In early contributions, Daly (1969) and Oates (1972) showed that local public 
debt policies leave the net wealth of local property owners unchanged. In particular, 
Daly (1969) argued that any inter-temporal tax shift will be neutral as long as the 
basis of a local tax is an individual’s residence in that community. In contrast, Lapan 
and Enders (1990) and Wildasin (1990) point out that even if parents are altruistic 
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toward their children, the public debt is not neutral, because head taxes levied on 
children to service the accumulated debt tend to distort fertility decisions. 

The above issues are ably studied by Wellisch and Richter (1995) in the context 
of a model of interregional household mobility in which there is local control over 
stock pollutants and public debt policies are also local. In this setting Wellisch 
and Richter (1995) show that the local public debt is typically not neutral. Further, 
suppose that implicit factor rewards to local pollution are left with landowners 
to avoid the migration distortions of mobile households. When this is the case, 
there is substantial scope for regional internalisation because household mobility 
obligates local authorities to account for the marginal willingness to pay for all 
future generations living in the region, when controlling the present pollution level. 

This positive role of regionalisation raises a related question. When several 
regions comprise a central political entity, should environmental regulations be 
carried out locally or centrally? This question has been addressed by several re- 
searchers and the findings of List and Mason (1999) are instructive. They assert that 
the answer to the aforementioned question depends on who has access to superior 
information and whether or not there are synergies between pollutants. Specifically, 
when localities have access to superior information and when synergies between 
pollutants exist, “local control Pareto dominates central control ...” (p. 439). In the 
context of land use/environment interactions, region-specific instruments may also 
play a prominent role. Thus, it is clear that these and related questions need greater 
fundamental and empirical research. 



3.4 Prospect 

We saw in Sect. 3.1 that methodological issues have affected most extant results 
about the impact of environmental regulations on regional economic activity. Con- 
sequently, there is ample scope for methodological research in this area. For in- 
stance, although a number of studies have used public regulatory stringency mea- 
sures, it is better to use private pollution abatement efforts, because such efforts 
and not public stringency measures are directly related to a firm’s profit function. 
More generally, to determine the validity of the hypothesis that methodological is- 
sues have affected extant research results, meta-regression analysis of this question 
along the lines of Jeppesen et al. (2002) is needed. 

With regard to the adequacy of the Pigouvian taxes question, it would be helpful 
to learn more about the properties of environmental taxation and other regulatory 
instruments such as zoning in a spatial setting in which households are heteroge- 
neous. Also, following related work by Brueckner (1994), it would be worthwhile 
to conduct research on the equilibrium regulatory outcomes that prevail in spatial 
settings in which cities are permitted to have homogeneous, heterogeneous, or a mix 
of homogeneous and heterogeneous households. New perspectives on the Tiebout 
hypothesis could emerge from such research. 

Wellisch and Richter (1995) have already shown us that when there is household 
mobility, there is substantial scope for regionalisation because local authorities are 
forced to account for the marginal willingness to pay for all future generations 
living in the region, when controlling the present pollution level. However, this 
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result assumes that the incidence of pollution is local. As such, additional research 
is needed to determine whether this “regional internalisation” holds, or the extent 
to which it holds, when there is trans-boundary pollution. This issue will be taken 
up again in Sect. 5. 



4 Natural resources 

Regions are also the geographic base for a wide variety of natural resources. Natu- 
ral resources such as forests and water provide humans with a variety of essential 
consumptive and non-consumptive services. Inter alia, the use of natural and other 
resources often results in the emission of substances that ultimately have a deleteri- 
ous impact on the earth’s climate. In addition, the use of natural and other resources 
generates waste. Therefore, it is not surprising that regional scientists and others 
have studied questions concerning the optimal use of natural resources, climate 
change and waste management. Given this state of affairs, we now discuss the 
more salient themes pertaining to natural resource use in regional settings. We do 
this by addressing - by way of illustration - four selected topics, forests, water, 
climate, and waste. 



4.1 Deforestation 

There are many issues involving forests that have occupied the research attention 
of regional scientists. Questions of optimal yield management have been discussed 
extensively in the literature. Even so, as Myers ( 1 980) and Walker et al. (2002) have 
noted, one theme that has increasingly come to dominate much of the present center 
stage in this area is the subject of deforestation. Conunercial logging of forests, es- 
pecially in tropical areas, is carried out primarily by means of concession logging.^ 
Consequently, if we are to comprehend the phenomenon of tropical deforestation, 
then we must first understand the institution of concession logging and the ways in 
which suitably designed forest management principles can prevent unsustainable 
concession logging practices. 

In concessional logging, a regulatory authority grants loggers limited rights to 
public lands for fixed time periods. Deforestation from tropical logging operations 
typically occurs in a two-step process. First, loggers build roads into primary forest 
and thereby remove valuable tree species. This causes considerable damage to the 
remaining stand of trees. Next, this damage is often exacerbated by forest farmers 
who follow the newly built roads in search of new areas for cultivation. 

Given this state of affairs, a key management question is this: How does a 
regulator ensure that loggers will not cut trees in excess of allowed limits within 
the relevant contract period? Walker and Smith (1993) have analysed this question 
rigourously. They develop an optimal stopping model, which focuses on a logger’s 
annual decision concerning whether or not to comply with the terms of a concession 
contract. Non-compliance results in deforestation in this model, and the objective 

^ See Repetto (1988), and Uhl et al. (1991) for additional details on this point. 
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is to analyse aspects of optimal forest management. This study leads to two salient 
policy conclusions. First, it is shown that partial inspection policies designed to 
detect non-compliance early in a contractual period can be very cost effective. 
Second, “longer contract lengths tend both to increase renewal values of future 
contracts and to increase the effectiveness of partial inspection policies ...” (Walker 
and Smith 1993, p. 415). We see that such policy findings are also very important 
for other depletable and renewable resources. 



4.2 Provision and use of water 

Water is one of the principal sources of human well-being. Regional authorities 
across the world are often entrusted with the task of providing citizens with vital 
natural resources such as water. Consequently, questions related to the best ways 
of providing and using water have attracted the attention of researchers in nations 
as diverse as New Zealand (Larsen et al. 2002), Tanzania (Maro 1990), and the 
United States (Troesken 2002). Do regional authorities provide citizens with water 
cheaply? Can we tell whether extant water provision practices are efficient? Is 
decentralisation in the provision of water across regions a good idea? These are 
some of the important questions that researchers have addressed thus far. 

Bhattacharyya et al. (1995) and Larsen et al. (2002) have both analysed the 
provision of water in the rural regions of, respectively, Nevada and New Zealand. 
As Bhattacharyya et al. (1995) point out, because of the presence of a number of 
unfunded state and federal mandates, cost control has become a key objective of 
rural water utilities. In particular, these utilities would like to know whether they 
are providing water to their constituents efficiently, i.e., as cheaply as possible. 
To answer this empirical question, Bhattacharyya et al. (1995) analyse data from 
a 1992 survey of 26 rural water utilities in Nevada. The variable factors used by 
these utilities are energy and labour, and so the interesting question is whether these 
factors are being used optimally by the water utilities. Bhattacharyya et al. (1995) 
use a hedonic shadow cost function approach and show that the Nevada utilities 
under study are indeed allocatively inefficient, because they are using excessive 
amounts of energy relative to labour. However, because these water utilities en- 
counter constraints, which are typically not considered in neoclassical efficiency 
analyses, the policy implications of the above allocative inefficiency result are not 
obvious. In fact, it is possible for “the allocative performance (of these utilities) ... 
to get worse although the utilities’ managerial performance may not be worsened” 
(Bhattacharyya et al. 1995, p. 498). 

Is decentralisation of water provision policies a good idea? Consider a devel- 
oping country perspective on this question. Maro (1990) tells us that in Tanzania, 
decentralisation has not only led to greater levels of participation in local plan- 
ning by villagers, but that it has also increased access to clean water. Even so, we 
are reminded that decentralisation alone is not a panacea, and that access to and 
use of water is often hampered by poor maintenance and inadequate supply. Con- 
sequently, these two problems must be rectified if the stated objective of giving 
power to the people is to be fully realised. These questions of water scarcity (both 
qualitatively and quantitatively) play an important role not only in developing areas. 
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but also in the developed world, where water supply has increasingly become the 
responsibility of private agencies. 



4.3 Climate change 

Few subjects have evoked as much interest among regional scientists and 
economists as the subject of climate change. As noted by Manne and Richels 
(1992) and by Hall and Howarth (2001), researchers have investigated a variety 
of questions such as the integrated assessment of climate change models, energy 
efficiency and petroleum depletion in climate change policy, the impacts of climate 
change at the regional level, and the size of the carbon tax required in each region 
to induce consumers to reduce their dependence on carbon based fuels. 

To this end, let us consider the regional analysis of climate change conducted by 
Kulshreshtha et al. (2001). These researchers point out that almost two-thirds of the 
total Canadian emissions of greenhouse gases from farm level activities come from 
the prairies. Therefore, it is important to know which regions are most likely to be 
successful in reducing these greenhouse gas emissions. Moreover, should emission 
control policies be instituted at the regional or at the national level? The analysis 
in Kulshreshtha et al. (2001) tells us that Ontario is most likely to be successful 
in reducing emissions from agriculture. Second, the “development of mitigation 
strategies would, by necessity, have to be designed at the local (regional) level 
rather than at national level” (Kulshreshtha et al. 2001, p. 191). 

An intriguing topic falling under the rubric of climate change is that of “climate 
consumption”. Various aspects of this topic are analysed in Cragg and Kahn (1999). 
Inter alia, these researchers study ways in which regional income convergence in the 
United States population has influenced the “price” of climate. They show that the 
consumption of warmer winter climate has risen for both working families and for 
the elderly. Moreover, “the relative price of climate has increased for senior citizens 
and fallen for working families” (Cragg and Kahn 1999, p. 536). This kind of 
information is useful not only because plausible climate valuation estimates inform 
policy makers about the benefits of reducing global warming, but also because 
warmer winter climate is a factor in the production of health capital. 

Before we end this section, the reader should note that since the advent of 
the Kyoto protocol, a world- wide debate has emerged on the regional equity conse- 
quences of climate change policies, on distributional issues involving the developed 
and the developing world, on the so-called Annex I and Annex II countries, on the 
efficiency gains of regionally tradeable emission rights, etc. (Wang 2003). 



For a review in Western Europe, see Coccossis and Nijkamp (2002). 

^ ^ We are discussing this subject in the “Natural Resources” section. Even so, readers should note that 
the subject of climate change has an international dimension as well. International issues are discussed 
in Sect. 5 of this article. 
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4.4 Waste management 

Waste is an important byproduct in any industrial nation. Although it is a source of 
environmental stress, it may also become an input for recycling activities. Clearly, 
there are many locational issues involved. Where should we put our garbage? Ye 
and Yezer (1997) use a theoretical model of optimal noxious facility siting to study 
this salient question. The basic idea in this article is to compare the efficient facility 
siting equilibrium with a collective choice equilibrium in which voters recognise the 
benefits and the costs of alternate garbage disposal site location patterns. They show 
that collective choice outcomes can be remarkably inefficient and that “policies 
adopted under majority rule voting result in overly large facilities at which there is 
under expenditure on pollution control compared to an optimal solution” (Ye and 
Yezer 1997, pp. 65-66). 

If this is indeed the case, then is it a better idea to collect garbage conventionally 
and then use landfills or does it make more sense to recycle garbage? Highfill et al. 
(1994) study an environment in which county residents do not obtain utility from 
recycling, landfill space is abundant, and the market price of recyclables is zero. 
Even in such a “hostile” environment, these researchers show that “recycling can 
still be optimal for a local government” (Highfill et al. 1994, p. 583). More generally, 
Highfill et al. (1994) show that the likelihood of municipal recycling increases with 
the size of the city being studied. In contrast, McDavid (2000, p. 157) uses survey 
data to show that even in circumstances favourable to recycling, “recycling is more 
expensive than conventional collection and landfilling”. This discussion tells us that 
despite the tremendous practical significance of the question posed at the beginning 
of this paragraph, the extant literature does not provide an unambiguous answer to 
this question. Therefore, the desirability of recycling remains an open question. 



4.5 Prospect 

The subject of natural resource use in a regional context is vast and many salient 
research questions remain unanswered. As far as the control of deforestation is 
concerned, it would be useful to identify flexible inspection policies that concentrate 
detection efforts in those time periods when contractual non-compliance is likely 
to be maximal and result in the lowest total expected cost to the regulator. On 
a separate note, research is needed to clearly distinguish between regional water 
providing utilities that are allocatively efficient and those that are managerially 
efficient. As well, it would be helpful to identify policies that inefficient utilities 
can use to become efficient. 

The intriguing subject of climate consumption will profit from future research 
that shows how regional real estate prices in the United States will be influenced 
by the large number of senior citizens who are consuming more climate. Finally, 
as far as waste management is concerned, the extant literature’s ambiguity with 
regard to the desirability of recycling needs to be addressed. Specifically, it would 
be useful to identify general conditions under which recycling will, for instance, 
reduce total waste management costs to such an extent that municipal recycling 
becomes desirable. 
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5 International affairs 

Global environmental problems dominate much of the political debate in nations 
around the world. Such problems are of interest to regional scientists for a variety 
of reasons, not the least of which is the fact that these problems typically affect 
many regions and hence their solution calls for collective action on the part of the 
governments of the affected regions. Therefore, in this section we shall discuss three 
topics in international affairs that have a significant environment/regional science 
dimension to them. These topics are the design of international environmental 
agreements, the formulation of environmental and trade policies in open economy 
settings, and the institution of regional sustainable development policies. 



5.7 International environmental agreements 

Given the absence of apposite international institutions, the purpose of designing 
international environmental agreements (lEAs) is to solve practical problems stem- 
ming from ozone shield depletion and multi-region acid deposition. Researchers 
studying the design of lEAs have shed appreciable theoretical and empirical light on 
many of the underlying issues.^^ Hoel (1991) explores the desirability of instituting 
environmental policy unilaterally. Using a two-country, game theoretic model, Hoel 
(1991) shows that an unselfish unilateral action by one country may compromise 
negotiations on an lEA and eventually lead to more pollution emissions than would 
have occurred had both countries acted selfishly and not taken unilateral actions. 

Is a minimum number of countries necessary to successfully negotiate an lEA? 
This question has been ably analysed by Black et al. (1993). These researchers 
have shown that although signatories to an lEA may have their individual minimum 
agreement level or n-rule, they will often lose little by adopting the social welfare 
maximising n-rule, rather than their own n-rule. This finding has the hopeful impli- 
cation that countries may, in fact, be quite willing to put sovereignty considerations 
aside and let a created international institution set the participation level required 
to effect an lEA. 

This issue of international participation in an lEA has been examined from the 
standpoint of efficiency and equity by Eyckmans et al. (1993) in an empirical paper. 
These researchers divide the world into twelve homogeneous blocks of countries 
and then examine the carbon dioxide emissions reduction strategies employed by 
each of these twelve players (blocks). Although there is virtually no worldwide 
pollution abatement in the benchmark game that is analysed, there is almost 17% 
pollution abatement in the so-called first-best game. Further, it is shown that in 
the so-called second-best game, the extent of pollution abatement depends on the 
magnitude of a parameter called the degree of inequality aversion. Interestingly, 
Eyckmans et al. ( 1 993) show that there is no game outcome in which the net payoffs 
of all the nations is positive. From this, they reason that an analysis of practical 
lEAs will need to pay attention to side payments and incorporate participation 
constraints expressly into the analysis. 

The literature on lEAs is sizable. Readers wishing to study this subject in greater detail should 
consult Batabyal (1997, 1998a, 2000, 2001), Finus (2001), and Barrett ( 2002 ). 
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Given the special circumstances and needs of developing countries, what are 
the characteristics of the lEA design problem for such countries? This question is 
analysed in Batabyal (2000). Using a hierarchical principal-agent model, Batabyal 
investigates the properties of the optimal limited liability lEA that can be imple- 
mented by a supra-national governmental authority (SNGA) when polluting firms 
and national governments in the individual developing countries collude to the 
detriment of the SNGA. Batabyal’s (2000) analysis leads to two salient conclu- 
sions. First, obtaining voluntary participation by the firms and the governments 
and preventing ex post breach of the lEA by these two players is costly for the 
SNGA. Second, because a SNGA can successfully design collusion-proof lEAs, 
lEAs are not inherently doomed due to a basic monitoring and enforcement problem 
arising from national sovereignty. 



5.2 International trade and the environment 

In the spirit of the debate on globalisation, much attention has been devoted in 
recent years to the relationship between international trade and the environment. 
There are two basic queries to contend with here. First, what is the nature of optimal 
trade policy when some aspect - for instance, the production - of the underlying 
traded good results in an environmental externality such as pollution? Second, what 
are the properties of optimal environmental policy when an externality causing 
good is traded between regions? The extant literature on international trade and the 
environment has explored the many and varied facets of these two questions. 

An implication of the utile work of Robison (1988) is that high pollution abate- 
ment cost industries are likely to move to countries that do not adopt exacting envi- 
ronmental regulations. Is this “industrial flight” hypothesis valid?^"^ Tobey (1990) 
uses two different approaches to address this important question. His econometric 
analysis shows that environmental regulations per se have not caused the pattern 
of trade to deviate from the predictions of the Heckscher-Ohlin-Vanek model. This 
result is interesting because it contradicts an implication of one of Robison’s (1988) 
main findings. Moreover, Tobey’s (1990) analysis also does not lend support to the 
much discussed “industrial flight” hypothesis. 

Can one rely on trade policies to control environmental externalities?^^ 
Copeland (1991) analyses this question in the context of international trade in 
waste products between regions. He shows that there are two circumstances in 
which the use of trade policies to restrict trade in waste can be welfare improving. 
First, when the waste disposal sector is not taxed optimally, a policy that restricts 
foreign waste disposal is optimal in a second best sense. Second, in the presence of 
illegal waste disposal, a trade tax, when used to supplement a production tax, can 

A thorough and recent account of the principal issues in the trade and the environment literature is 
contained in the numerous papers collected in Batabyal and Beladi (2001). 

This hypothesis has given rise to a great deal of interest in the literature on international trade and 
the environment. For more on this and related issues, see Leonard (1984), Batabyal (1991), and a recent 
meta-analysis by Mulatu et al. (2001). 

This question has also been analysed by Batabyal (1998b) in a game-theoretic setting. 
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improve welfare. This is because the trade tax diminishes both the flow of waste 
and the fraction of waste that is illegally disposed. 

An important consideration in the trade and environment literature has been 
the role that property rights play in ensuring an optimal allocation of resources. 
For instance, Chichilnisky (1994) has studied the role that property rights over 
environmental resources play in hampering or stimulating trade between nations. 
She uses a two-good, two-factor, two-country model in which the environment is 
owned as unregulated common property in one country (the Southern region) and 
is owned as private property in the second country (the Northern region). In this 
context, Chichilnisky establishes two results. First, she shows that differences in 
the property rights regime in otherwise identical countries is sufficient to create 
trade between the Northern and the Southern regions. Second, she demonstrates 
that international trade will lead to inordinate use of the environment in the South. 
To ameliorate the effects of this excessive use, Chichilnisky recommends the use 
of property rights policies rather than taxes in the South. 



5.3 Regional sustainable development 

Although the notion of sustainable development (Brundtland 1987) has often been 
discussed at the national and at the supra-national level, the work of Cooper et al. 
(2001) tells us that it is certainly possible to think of and conduct research on this 
concept at the regional level. In addition, Cocklin (1993, p. 453) reminds us that 
there is an urgent “need to broaden the criteria used to measure wellbeing at a ... 
regional level to include environmental concerns”. 

This call to include environmental concerns in regional analyses has been taken 
up by Ring and Horsch (2001). They study the Bohlen industrial region in Germany 
and their research paints a saturnine picture of the plight of the residents of this 
lignite mining based region. As they point out, over a period of one hundred years, 
people were removed from their homes to make way for mining operations and 
the health of this region’s population suffered because of air pollution. Further, the 
transformation of the former East German socialist economy into a market economy 
led to both a general collapse of firms and social disruption at the regional level. 
Even so, since the early 1990s, a number of policies have been undertaken to sustain 
this region for the future. What kinds of policies? A key aspect of these policies 
has been the development of environmental technologies that are likely to serve as 
a useful core for new markets. As Ring and Horsch (2001, p. 184) point out, if this 
region is to develop a new identity, then “forms of co-operation that enable small 
firms to use innovative solutions should be supported”. 

An important aspect of any region’s sustainability is the sustainability of its 
underlying transport system. Does the concept of “factor four” developed by Ernst 
von Weizsacker, Amory Lovins, and Hunter Lovins (1997) help us comprehend the 
sustainability of a region’s transport system? This interesting question is explored 
by van Veen-Groot and Nijkamp (2001). The objective of the “factor four” concept 

For more on this issue see Nijkamp and Pepping (1998), Nijkamp and Baaijens (1999), Cooper et 
al. (2001), and Ubbels and Nijkamp (2002). 
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is to double wealth while halving energy and material use. van Veen-Groot and 
Nijkamp (2001) first describe the barriers that prevent the transport sector from 
achieving factor four efficiency. How might one overcome these barriers? These 
barriers can be overcome by taking a systematic portfolio of apposite technological, 
institutional, spatial, and structural measures. As van Veen-Groot and Nijkamp 
(2001, p. 239) argue, in order to attain efficiency improvements of “a factor of four 
or more in the transport sector, government policy must be directed to these four 
areas of change”. 



5.4 Prospect 

The theory of common agency can be used to answer salient questions concerning 
the design of IE As not yet been addressed in the literature. The simplest adaptation 
of this theory to the lEA design question involves the analysis of a model in which 
a developed country government and a developing country government (the two 
principals) interact with a SNGA (the common agent) responsible for taking actions 
to protect the global environment. The two governments contribute funds with 
which the SNGA takes its actions and the SNGA has private information about the 
level of environmental quality that it would like to see come up. In this setting, 
a number of presently unanswered questions can be studied. Here is an example: 
What level of global environmental quality arises, in turn, in a cooperative and in 
a non-cooperative equilibrium? 

In our discussion of international trade and the environment in Sect. 5.2, we 
saw that differences in the property rights regime in otherwise identical countries 
is sufficient to create trade between the Northern and Southern regions, and that 
international trade will lead to inordinate use of the environment in the South. Put 
differently, the key problem is that the South overproduces resource intensive prod- 
ucts and the North over consumes these products. Moreover, the international mar- 
ket transmits and even enlarges the externalities of the global commons. Therefore, 
it would be very useful to conduct research on the design of first-best and second- 
best policies in this sort of international environment. Clearly, it will be necessary 
for this research to carefully model the international market link between Southern 
overproduction and Northern over consumption. 

With regard to the study of regional sustainable development, research is ur- 
gently needed on the design of practically useful sustainability indicators. As Cock- 
lin (1993, p. 453) has noted, attempts to construct “more holistic resource account- 
ing will likely be incomplete because of ... key problems in measuring many of 
the most important values deriving from the environmental base”. This is precisely 
why additional research is needed to determine ways in which we might quantify 
the value of the myriad services provided by the underlying environmental resource 
base. 



See Bemheim and Whinston (1986), Fudenberg and Tirole (1991), and Batabyal (1996) for more 
on the theory of common agency. 
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6 Geographic information systems 

The previous sections have emphasised the need for proper quantitative research. 
However, do we have the right information on region-environment interactions to 
conduct proper quantitative research? In this context advances in area-specific in- 
formation systems are noteworthy. A geographic information system (GIS) is a 
computer system capable of assembling, storing, manipulating, and displaying ge- 
ographically referenced information, i.e., data identified according to its locations. 
GIS technologies can be used for a variety of purposes. Increasingly, they are being 
used in agricultural economics, for regional planning, and for natural resource 
and environmental management. Consequently, in the rest of this section, we 
shall first discuss the use of GISs in two pertinent contexts, residential quality and 
spatial-environmental data. We shall then argue that GIS technologies offer a num- 
ber of new opportunities for increasing our understanding of disaggregate human 
spatial behaviour. 



6.1 Residential quality assessment 

Local quality conditions feature prominently in the perception of well-being. Re- 
searchers now agree that residential quality is a multidimensional concept that 
encompasses a number of features such as the socioeconomic condition of the resi- 
dents and the environmental characteristics of the region under consideration. This 
agreement notwithstanding, there has not been a whole lot of progress on the con- 
struction of operational measures of residential quality that are based on pertinent 
socioeconomic indicators. 

Can a GIS help the task of constructing residential quality scores? Can (1992) 
shows that the answer to this question is yes. In particular. Can (1992, p. 98) points 
out that a GIS is useful because it “facilitates both the integration of attribute infor- 
mation with locational information and the generation of intermediate information 
needed in the construction and evaluation of quality indices”. An important objec- 
tive of Can’s (1992) paper is to show that residential quality scores can be used to 
define neighbourhoods. To this end. Can’s (1992) paper tells us that from a concep- 
tual standpoint, not only can a GIS be used to construct residential quality scores 
but that these scores can then be used to identify and define neighbourhoods. How 
might this be done in a practical situation? Can (1992) shows how by analysing the 
case of the city of Syracuse in upstate New York. This kind of work is useful not 
only because it demonstrates the use of a GIS but because it also shows that when a 
GIS is complemented with other tools, a researcher’s ability to conduct meaningful 
spatial analysis is enhanced significantly. 



See the various papers in Nelson (2002). 

For instance, a GIS might allow emergency planners to easily calculate emergency response times 
in the event of a natural disaster. Alternately, a GIS might be used to locate wetlands needing protection 
from pollution. 
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6.2 Use of spatial data in environmental analyses 



Economists and regional scientists now agree that location is a significant factor in 
determining both land use and land values. Traditionally, economists have captured 
the idea of location by appealing to one-dimensional measures such as access or 
distance measures. However, this approach is problematic because the salience of 
location in influencing land use and land values is not restricted to accessibility 
alone. Indeed, as Geoghegan et al. (1997, p. 252) have pointed out, externalities 
“characterise land use, and these externalities are spatially determined”. In addition, 
the measurement of the amenity values associated with either a specific landscape 
pattern or a mosaic of natural and human managed patches is facilitated by analysing 
GIS data. 

Today there is little disagreement on the point that GISs provide us with a 
technology to effectively tackle environmental problems by integrating spatially 
consistent data from a number of different sources (Campbell and Masser 1995).^^ 
However, it is also the case that environmental problems having a spatial dimension, 
typically fall under the jurisdictions of multiple regulatory agencies. Therefore, if 
the use of GISs is to be truly useful, then it will be necessary for these sundry and 
occasionally divergent agencies to develop a collaborative approach to the handling 
of spatial data. 

Given the differing organisational structures of the various relevant regulatory 
agencies, how might such a collaborative approach come about? This question is 
nicely addressed in the context of the United Kingdom by Higgs and Bracken ( 1 990) 
and Higgs (1999). Although these studies for the most part deal with regulatory 
agencies in the United Kingdom, we focus on these analyses because we think that 
the lessons learned here are transferable to other countries as well. 

Higgs (1999) identifies three barriers to the integration of spatial data in en- 
vironmental analyses. First, there is often a lack of means to communicate and 
integrate spatial data. Second, there remains a level of confidentiality associated 
with a number of key data sets and this frequently precludes meaningful exchanges 
of spatial data. Finally, because there is no history of large-scale data exchange in the 
United Kingdom, highly specialised agencies, often with incompatible objectives, 
have found it difficult to engage in any meaningful use of GISs. 

These three barriers can effectively be dispensed with because the integration 
of data sets within GIS is technically feasible. The bringing together of spatial data 
within a common system will benefit many agencies by permitting each agency to 
draw upon a wider base of information than would otherwise be possible and by 
allowing these agencies to address questions normally beyond the resources of any 
one agency. In sum, “GIS can be used for practical day-to-day management tasks 
and ... information integrated into a GIS from a variety of different sources ... can be 
used to extend the scope of (environmental) problems which can be investigated” 
(Higgs 1999, p. 247). 



The need to integrate data from various sources will often lead to spatially dependent and spatially 
heterogeneous observations. Consequently, as Anselin (1988, 2001) and others have noted, a spatial 
econometric approach is required to analyse such spatial data effectively. 
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6.3 Prospect 

In the previous two sections, we first discussed the manner in which a GIS can be 
used to address a specific regional science question and then we indicated a number 
of ways in which environmental analysis can be made more salutary to society by 
carefully integrating data sets within a GIS. We also noted that such integration can 
give rise to substantial inter-agency benefits. 

These uses notwithstanding, the analysis of human spatial behaviour is a rapidly 
growing one, and a GIS environment is ideal in which to pose and study many of 
the outstanding research questions. For instance, Longley (1998) has noted that 
researchers are increasingly able to access various kinds of digital spatial data 
that was inaccessible even a few years ago. Because these data sets contain detailed 
information previously unavailable, they will enable researchers to examine hitherto 
unstudied questions about many aspects of the urban environment, such as the 
desirability of alternate street planning procedures and transportation networks. 

In the past, the kinds of questions that could be asked about a particular study 
area have often been delimited by the zonal or the areal partition of this area. 
However, now geo-referenced individual level data are available (Wegener 1998). 
When these data sets are used in a GIS environment, one can study interesting 
questions, such as degree of access by an individual to a certain set of urban and 
environmental opportunities. 

In addition, the availability of new data sets and the enhanced ability of re- 
searchers to collect and handle such data sets will enable them to place the individ- 
ual and the opportunities available to these individuals into sharp focus in spatial 
analysis. Indeed, as Kwan (2000, p. 89) has shown, such possibilities “will enable 
the examination of fine-scaled, inter-personal differences based on gender, race, or 
other socially significant categories”. 

Finally, as Anselin (2000) has pointed out, the toolbox of spatial econometrics 
in particular and spatial analysis in general will need to be extended to adequately 
address the challenges posed by the analysis of socio-economic, space-time data. 
Specific issues that will require future attention include the estimation of space- 
time dynamics for limited dependent data, the modelling of changing choice sets, 
and the design of techniques to distinguish between spatial dependence and spatial 
heterogeneity. 



7 Conclusion 

The present article has demonstrated that the environment has been - and will 
continue to be - a prominent theme in regional science research and planning. To 
this end, it is noteworthy that increases in population, production, and consumption 
are likely to constitute a threat to our planet’s future natural resource base. Now, 
the development of regional science research methods in the areas of ecology and 
the built environment has proceeded at a rapid pace. Further, there is now a shift 
towards institutional modes of thinking in regional science and this new trend will 
undoubtedly exert a profound influence on regional science perspectives on issues 
relating to environmental and ecological matters. 
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These developments and our discussion in this article together tell us that the 
most important and interesting research questions that are likely to confront re- 
gional scientists in the future will typically involve the environment and will be 
interdisciplinary in nature. Consequently, regional scientists need to recognise the 
following. Interdisciplinary questions about the environment in regional science 
can be answered meaningfully only by augmenting one’s analytical toolkit and 
- when necessary - by collaborating with environmental economists, ecological 
economists, and geographers. Such recognition and actions taken on the basis of 
this recognition will ensure that the future of regional science is bright. 

To conclude, we have conducted a retrospective and prospective survey of the 
sizeable literature on issues regarding the environment in regional science. Specif- 
ically, we discussed the numerous ways in which the environment has entered and 
affected research pertaining to (i) regional economic development, (ii) environmen- 
tal regulation, (iii) natural resources, (iv) international affairs, and (v) geographic 
information systems. To reiterate, our survey shows that the environment is cer- 
tainly here to stay in regional science research. As we pointed out in the various 
“Prospect” sections, although a number of salient research question have now been 
adequately analysed by scholars, there certainly exist research questions that have 
received little or no attention from scholars. Consequently, in the years to come, one 
may look forward to many new developments concerning these hitherto unexplored 
research questions. 
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Abstract. In this article we survey common themes in recent migration research 
and comment on the actual and potential contribution of regional science to this 
literature. There has been a marked shift in research from internal to international 
migration. The two research programmes would benefit from a unified framework. 
Spatial and systemic features of migration systems remain underdeveloped. More- 
over, the perspectives from the different disciplines that intersect in regional science 
can still be integrated better. Communication of the research findings in terms un- 
derstood by policymakers and practitioners is also desirable. Finally, many new and 
interesting research topics will emerge when greater effort is made to link migration 
research with other current research topics in regional science. 

JEL classification: F22, 111, 015, R23 

Key words: Population mobility, internal migration, international migration, fore- 
casting, public policy 



1 Introduction 

The scientific study of human migration has a long history reaching back at least as 
far as Ravenstein’s (1885, 1889) “laws of migration” (Greenwood and Hunt 2003). 
Regional science has made a long-standing contribution to this migration research. 
The gravity property of migration and the implications of uneven spatial popula- 
tion distribution have been among the core topics of regional science ever since 
Walter Isard’s 1956 Location and Space-Economy. So much has been written on 
migration (more than 12,000 articles in economics journals alone since 1969), and 
such excellent surveys already exist (among others. Greenwood 1997 on internal 
migration in developed countries; Lucas 1997 on internal migration in developing 
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economies; Borjas 1999 on international migration) that another all-encompassing 
survey is neither feasible nor desirable. 

Instead, in this article we identify a few of the most common themes of migration 
research and suggest directions in which further inquiry is likely to be most fruitful. 
Several broad conclusions can be drawn. Firstly, recent years have seen a marked 
shift in migration research from population redistribution within national borders 
(internal migration) to movement across borders (international migration). The 
two strands of literature are, however, still rather disparate and the two research 
programmes would benefit from a unified framework. In addition, causal links 
between the two types of flows should not be ignored. A large influx of immigrants 
may lead to outward migration of some natives (Frey 1996) while, conversely, 
patterns of internal redistribution towards certain growth poles (population “drifts”) 
may be reinforced by disproportionate immigration to such growth poles. 

Secondly, spatial features of migration systems have received little explicit 
recognition. Sure, the inverse relation between a flow of migrants and distance 
between the source and destination is among the earliest empirical findings. How- 
ever, the role of barriers to migration - in terms of, for example, geographical 
features and immigration regulations - are often hidden in regression coefficients 
of dummy variables. Systemic approaches, such as those based on Alonso’s (1978) 
general theory of movements (de Vries et al. 2001), or approaches that emphasise 
search and networks (Foot 1996) are likely to bear more fruit than conventional 
inward/outward migration or origin/destination analyses. In addition, rapid devel- 
opments in spatial econometrics (Anselin et al. 1996) have not yet found much 
application in migration research. 

Thirdly, changing demographic structures worldwide, such as below- 
replacement fertility and aging in developed countries, or the consequences of 
political turmoil and AIDS in some developing countries, reveal a clear need for 
embedding migration in broader population dynamics. Demographic forecasting 
routines, with often severely restrictive assumptions about migration flows, can 
be enhanced by hybrid forecasting methods that combine the best of the conven- 
tional projections routines with econometrically-based migration components (see 
Gorbey et al. 1999 for an example of forecasting the New Zealand population). 

Fourthly, besides the need for better integration of internal and international 
migration research, the notion of migration as a process of permanent population 
redistribution needs to be replaced by a new paradigm. Globalisation is leading 
to an intensifying exchange of professionals - the spatial relocation of whom is 
often better classified as temporary circulation rather than permanent migration. In 
addition, the growth of working holiday schemes, other temporary work schemes, 
the booming international market for educational services, and retirement migration 
all contribute to the growing complexity of population movements. 

Fifthly, as is the case in many other fields as well, documenting the North- 
American experiences dominates the English-language literature. The experiences 
of developing and transition economies now also warrant the attention of re- 
gional scientists. Moreover, electronic processing of ever larger and more complex 
datasets, the increasing public availability of such datasets, and the rapid dissemi- 
nation of results via the internet call for more cross-country comparative research. 
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The scope for meta-analysis in migration research is increasing rapidly (Stanley 

2001 ). 

Finally, the changing nature of available data - for instance, from aggregate 
flows to disaggregate in-depth cross-section or longitudinal information on indi- 
viduals and households - warrants different and innovate approaches to migration 
modelling. Fortunately, such growing complexity can be tackled by the rapid ad- 
vances in computer technology and by sophisticated statistical software. For ex- 
ample, very recently developed methods of neural network modelling of spatial 
interaction processes (Fischer et al. 2003) are likely to find application in migration 
modelling. 

In the remainder of this article we will elaborate on some of these issues and 
give examples of current or recent research practice. The examples will be primarily 
drawn from the realm of our own research experience, that is. North America 
and Australasia. In the next section we consider the development of the internal 
migration literature and follow that in Sect. 3 with a discussion of research on causes 
and patterns of international migration. The study of the consequences of migration 
- both internal and cross-border - remains a murkier area of research endeavour 
than the study of migration’s causes and patterns. Migration consequences will be 
briefly addressed in Sect. 4. Evaluation of migration consequences leads naturally 
to considering the desirability, or otherwise, of such consequences in terms of public 
policy. This issue is addressed - equally briefly due to space constraints - in Sect. 5. 
The final section reiterates the challenges for future research and concludes with the 
observation that the changes in observed migration processes are such that regional 
science, given its multidisciplinary and policy-oriented nature, will be eminently 
suited to providing research leadership in this field in the decades to come. 



2 The evolution of modelling internal migration processes 

Traditionally, research on internal migration has proceeded along two strands. One 
strand of literature emphasises micro-level behaviour. It focuses on an individ- 
ual’s or a household’s preferred residential location and the influences that might 
trigger a shift to another location across a boundary of some sort, defined for exam- 
ple, by a maximum commuting range. ^ The second strand of literature focuses on 
“places” rather than “people” and attempts to explain the observed flows and the 
causes of net inward and outward migration of specific locations. The first strand 
uses increasingly micro-level data, while the second relies mostly on aggregate 
data. Consequently, we will divide our comments in this section under several sub- 
headings. First we focus on migration as an important aspect of human behaviour, 
then we move to issues pertaining to micro data. The next sub-section concerns 
aggregate migration flows and population redistribution. We also address the role 
of space, the interpretation of regression models, and the forecasting of migration 
flows. 

^ Given the close tie between labour markets and internal migration, Plane and Heins (2003) recom- 
mend the use of functional labour market areas as migration-defining regions. Zax (1994) provides a 
theoretical analysis of the distinction between a move and a migration. 
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2.1 Migration as an important aspect of human behaviour 

Why do people migrate? In this area, conventional neoclassical theory of utility- 
maximising behaviour by rational individuals has withstood the test of scientific 
inquiry. By and large, the literature’s broad consensus is that migration results from 
forward-looking behaviour that aims to maximise an individual or household’s 
expected well-being over some time horizon by means of relocation. It is in all 
cases a cost-benefit calculation, comparing a stream of expected future benefits with 
costs, both appropriately discounted to the present. In the case of labour migration, 
as expounded eloquently more than four decades ago by Sjaastad (1962), it is 
a case of seeking the highest return to one’s human capital, with the decision 
possibly modified by non-pecuniary aspects and the likelihood of unemployment. 
The importance of the latter issue goes back to the seminal work by Harris and 
Todaro (1970) on rural-urban migration in developing countries, but remains a 
popular theme in the regional science literature (Ingene 2001). 

Within this broad framework the role of personal characteristics should be clear. 
It is indeed a constant theme of migration research that personal characteristics cru- 
cially affect migration decisions, as evident from surveys such as Greenwood (1975, 
1985, 1997), Plane and Rogerson (1991), Greenwood et al. (1991b), Cadwallader 
(1992), Plane and Bitter (1997), and Plane (2004). 

Strong theoretical and empirical support exists for the relevance of age (Plane 
and Heins 2003), education (Schwartz 1973; Krieg 1993), race (Graves 1979), eth- 
nicity (McHugh 1989), family structure (Mincer 1978; Schaeffer 1987), employ- 
ment status (DaVanzo 1978), migration history (Kau and Sirmans 1977), poverty 
status (Cushing 1993), life-cycle changes (Polachek and Horvath 1977), and more. 
In general terms, personal characteristics condition individual responses to migra- 
tion stimuli. Controlling for these characteristics in migration modelling accounts 
for heterogeneity of migrants and their preferences. Ignoring key personal charac- 
teristics yields results showing some average response that may not be representa- 
tive of any type of individual. 

Besides personal characteristics, locational characteristics also feature in mi- 
gration decision-making and heterogeneous preferences may lead to diversity in 
evaluation of locational attributes. Implicit in the spatial equilibrium perspective 
on migration (Mueser and Graves 1995) is the notion that, over time, individuals 
tend to sort themselves based on their preferences for locational attributes. Some- 
times, unusually beneficial economic opportunities pull individuals temporarily 
away from desirable locational attributes, but they may over time gravitate back 
toward preferred attributes. This illustrates that migration, even across international 
borders, is no longer the once-in-a-lifetime event that it may have been historically. 
Individuals often face repeated locational adjustment in response to increasingly 
complex economic and social stimuli, as well as life-cycle influences. 

While hedonic wage equations have been useful to assess the value of locational 
characteristics (Kahn 1995), the extent to which such characteristics may modify 
the propensity to move has received less attention in migration research. At the 
aggregate level, however, a migration imbalance between any pair of regions may 
be interpreted as evidence of quality-of-life differences. This idea was applied to 
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US data by Greenwood et al. (1991a) and to UK data by Wall (2001). Schachter 
and Althaus (1989) argue that the equilibrium model is more consistent with actual 
migration patterns than the conventional dis-equilibrium approach. 

Besides natural utility-yielding amenities such as climate and scenery, there are 
also manmade amenities such as infrastructure, healthcare and public safety. Many 
of these are public goods. A growing literature has focussed on the responsiveness 
of migrants to the activities of local and regional governments: the extent and com- 
position of the provision of public goods and the financing of public expenditures 
through taxes, charges and borrowing. Tiebout (1956) already argued that people 
“vote with their feet” at the local community level. Widespread evidence now sup- 
ports the notion of fiscally induced migration: interregional migration flows are 
influenced by tax and government expenditure policies (Cebula 1979; Day 1992; 
Chamey 1993). The extent to which competition for taxpayers leads to an efficient 
provision of public goods is an issue to which we return in Sect. 5. 

Many potential “determinants” of migration are often neglected. For example, 
Meyer et al. (2001) study health insurance (and its potential loss) as a migration 
inhibitor. Similarly, non-portability of super-annuation savings across employers 
may also impede mobility. Liaw et al. (2002) argue that the location of adult children 
may be an important factor in retirement migration. 

Family migration is another interesting area of research. Mincer (1978) al- 
ready stressed that migration is a family decision, but within the family there may 
be winners and losers. Thus, a “tied-mover” versus “tied-stayer” distinction has 
been developed. In the former, family migration has an aggregate positive return, 
although one partner experiences a drop in earnings. In the latter case, family mi- 
gration has an aggregate negative return, although one partner would gain from 
migration. The growth of dual career households contributes to college educated 
couples being increasingly located in large metropolitan areas (Costa and Kahn 
2000). Smits et al. (2003) consider how changing gender roles affect the migra- 
tion of couples. Asymmetry in the evaluation of potential earnings gains among 
partners, and unequal weighting of such gains, remain interesting areas for future 
research. 

Other potential influences on migration that warrant further investigation in- 
clude job transfers, natural hazards, environmental regulations, social regulation 
(such as laws regarding same-sex marriage), religious diversity/tolerance (some 
regions are dominated by particular religions or nearly devoid of some religious 
groups), occupational status of individuals and occupational structure of places, 
and military employment. Some locational characteristics, such as the extent of 
racial discrimination, are often neglected because they are difficult to measure. Un- 
fortunately, omitting difficult-to-measure variables does not reduce the danger of 
omitted variable bias. Incorporating such variables requires greater creativity. 

2.2 Microdata analyses 

One of the important methodological changes in migration research during the past 
two decades has been the increasing use of microdata. Rapid advances in computer 
technology now permit analyses that would have been virtually impossible to carry 
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out ten years ago, using highly complex estimation procedures with extraordinarily 
large data sets. Microdata analyses have opened the door to improved understanding 
of the migration process, particularly by allowing researchers to account for the 
central role of personal characteristics and situations. Researchers can distinguish 
different types of people, different types of moves, different family situations, etc. 
Microdata analyses have also helped researchers avoid the simultaneity issues that 
dogged earlier migration research. We still have much to learn, however, before 
we can take full advantage of microdata and related methodologies for migration 
research. 

Like most new methodologies, microdata-based migration research comes with 
a learning curve - some time is needed to understand the new and relevant method- 
ological issues in econometrics, to implement the appropriate estimation tech- 
niques, and to interpret the results properly. Specification of the behavioural model 
is crucial. As noted early on by Linneman and Graves (1983) and discussed more 
recently by Davies et al. (2001), different models imply very different assumptions 
regarding the migration decision-making process. For example, some researchers 
have modelled migration as a sequential decision-making process in which an 
individual first makes the decision whether to move, followed by the choice of des- 
tination (for those who do move). Examples are Herzog and Schlottmann (1986), 
Cushing (1993), Clark et al. (1996), and Levine and Zimmerman (1999). In con- 
trast, others focus only on the decision to move (Kaluzny 1975; Schlottmann and 
Herzog 1981) or only on destination choice of movers (Blank 1988). 

Most such studies not only completely separate the decision to move from 
destination choice, but also consider the destination in isolation from all other 
potential destinations. White and Liang (1998) take us a step further, using a binary 
logit specification to model the decision to move, then separately modelling the 
destination choice of movers using a conditional logit model. Jointly modelling 
the decision to move and destination choice, while maintaining the assumption 
of sequential decision making, leads to a nested logit framework in which the 
full set of potential destinations influences the decision to move by means of the 
“inclusive value” parameter. This differs significantly from the models referenced 
above. Newbold (1997) estimated a three-level nested logit model using Canadian 
provinces as regions. Frey et al. (1996) carried out a nested logit model at the US 
state level, but used aggregate state-to-state migration flows rather than microlevel 
data. 

Davies et al. (2001) argue that the decision to move and the choice of destination 
cannot be separated (modelled sequentially). Their logic leads to a conditional logit 
model. In their model of aggregate state-to-state flows, staying at the origin is just 
one among the many possible destination choices. White and Liang (1998) applied 
a conditional logit model to Current Population Survey microdata, but without 
the complexity of jointly modelling the decision to move and destination choice. 
Regardless of which of the above models is employed, studies should not rely 
solely on personal characteristics (multinomial analysis) or on place characteristics 
(traditional conditional logit analysis). Though it makes for a more complicated 
model, personal characteristics can be incorporated in a conditional logit model 
(Davies et al. 2001). 
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Some important issues must still be resolved regarding the underlying be- 
havioural model. First, the choice between the sequential decision process and 
the joint decision process is important because it leads to very different models. 
The choice between these two will depend on the migration phenomenon to be 
modelled. For example, job transfer and return migration are examples of joint 
decisions, while migration of new college graduates or refugee movement may be 
seen as a sequential process. Ultimately, different types of migrants require different 
model structures. 

Second, the conditional logit model invokes the well-known assumption of 
the “independence of irrelevant alternatives” (IIA) - relative probabilities between 
choices must be independent of other alternatives. Undoubtedly, some individuals 
make migration choices in a way that satisfies the IIA assumption. As a general 
proposition, however, IIA seems implausible. If we want a joint-decision model that 
does not require the IIA assumption, can we restructure the nested logit model to 
fit? If not, would the heteroscedastic extreme value model, the multinomial probit 
model, or the recently developed “mixed logit model” (McFadden and Train 2000) 
provide reasonable alternatives? 

Third, does it matter in practice which of these models we use? Will different 
models yield qualitatively different results? Dahlberg and Eklof (2003) suggest, 
for a local residential choice model, that well-specified different models might 
in fact provide qualitatively similar results. The issue is quite important, because 
the conditional logit model is much easier to estimate, often by several orders of 
magnitude. 

This leads to the last point related to model choice - there remain computa- 
tional obstacles to estimating polychotomous choice models using microdata. A 
state-to-state migration model for the 50 states of the US implies that each indi- 
vidual must make a choice among 50 alternatives so that a sample of only 2,000 
individuals requires 100,000 rows of data. In short, an interesting microdata mi- 
gration model becomes very large and complex quickly. Guimaraes et al. (2003) 
may have provided an extremely useful alternative. They demonstrate that, in some 
circumstances, the coefficients of the conditional logit model can be equivalently 
estimated using a Poisson regression, which is far more tractable in the case of a 
large choice set. 

Newbold (1997) provides one of the few examples in the regional science lit- 
erature that applies polychotomous discrete choice models to analyse jointly the 
decision to move and the destination choice. His use of census divisions, rather than 
more disaggregate geographic units of analysis, made the empirical model more 
tractable. Knapp et al. (2001) estimated a metropolitan-level nested logit model 
for movers, but did not consider non-movers or the decision to migrate. To our 
knowledge, no one has applied a Poisson regression to migration analysis. 



2.3 Aggregate analysis of migration flows and population redistribution 

For some, the dawn of micro data analysis meant the end of aggregate migration 
analysis. As Greenwood (1997), Plane and Heins (2003), and others have noted, 
however, aggregate analysis still has a role. Just as microeconomics (the study of 
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the behaviour of individual economic agents) and macroeconomics (the study of 
aggregate patterns, trends and cycles) continue to coexist, the same should hold 
for micro and macro migration analyses. Besides, despite the increasing accessi- 
bility to microdata in some countries, aggregate data remain the only data source 
in many developing and transition countries. In addition, aggregation can reduce 
computational difficulties in modelling (Frey et al. 1996; Davies et al. 2001). 

The dichotomy between microlevel and macrolevel analysis does not imply that 
research at an intermediate level is undesirable. Indeed, some stratification is often 
useful. For example. Plane and Heins (2003) advocate disaggregation by age. Strat- 
ification by age captures one of the most important life-cycle dimensions of migra- 
tion, but other types of stratification may be just as important. Researchers should 
consider separating out groups such as college students, new college graduates, 
military personnel, retired persons, and perhaps also sort by marital status/family 
structure, education, occupation, country of birth, and race/ethnicity. 

Stratifying aggregate data by several characteristics simultaneously may not 
always be possible, but studies should pay particular attention to the type of sorting 
most pertinent for the issue being studied. For example, in studying how welfare 
benefits affect migration of the poor, controlling for family structure is critical, since 
single-parent families with young or school-age children are the primary recipients 
of welfare benefits. Ignoring this type of selectivity has the same effect as omitting 
an important variable from the analysis - it biases results. 

The aggregate migration literature still seems to ignore the problem of find- 
ing the best functional form for the migration model, despite the work of Goss 
and Chang (1983) and Greenwood’s (1985) call for more work on this issue. The 
vast majority of regression studies still rely on the linear or double-log functional 
forms. This choice has probably been for pragmatic reasons, for example, the ease 
of interpretation of coefficients in double-log specifications (in which case they are 
elasticities). Ease of interpretation, however, is an inappropriate reason for select- 
ing functional form. Instead, the choice of functional form should be guided by 
theoretical considerations, as well as by statistical criteria, such as the methodol- 
ogy proposed by Box and Cox (1964). Ignoring considerations of functional form 
altogether may yield substantial biases in estimated coefficients and elasticities. 

Most researchers regard methods developed for limited dependent variables - 
such as logit and probit analysis - as microdata methods. These methods, however, 
can be adapted for use with aggregate data when the dependent variable is a pro- 
portion, such as is the case with origin-destination specific migration rates. Frey et 
al. (1996) and Davies et al. (2001) demonstrate that such methods can yield very 
rich analytical results. 

2.4 The role of space in migration research 

For someone looking objectively from the outside, the frequent omission of any 
spatial dimension would be among the more perplexing features of published mi- 
gration research. Space was recognised as a key factor from the very beginning of 
migration research. As noted by Greenwood and Hunt (2003), three of Ravenstein’s 
(1885) seven “laws of migration” combine to form the basis for the gravity models 
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of migration introduced in the middle of the twentieth century. Gravity models 
and their extensions, such as Alonso’s (1978) “theory of movements”, were among 
the first formal models of migration, with distance clearly playing a major role. 
Virtually every major review or evaluation of migration research has noted the im- 
portance of distance/space in some context. Greenwood (1975, p. 398) stated that a 
major implication of gravity models is that “... distance acts as a serious deterrent to 
migration, perhaps as the single most important deterrent”, with modified gravity 
models arriving at similar conclusions. Greenwood et al. (1991b) devote much at- 
tention to spatial interaction models and spatial choice sets. Recently, Plane (2004) 
reiterated the need for spatial interaction models. Most migration researchers would 
agree that the migration flows between any pair of regions are likely to be affected 
by changes in characteristics of other regions, particularly those nearby. This idea 
underlies the Alonso (1978) model that has had, to date, however, only limited 
application to migration modelling.^ 

Despite the strong theoretical basis for considering spatial structure and the in- 
numerable empirical studies demonstrating its importance, a significant portion of 
empirical research continues to omit any aspect of space. How relevant is this omis- 
sion? We argue that omitting spatial structure may seriously bias most empirical 
conclusions. Whether one focuses on the effects of personal characteristics (e.g., 
age, education, or unemployment status), place characteristics (e.g., economic con- 
ditions, industrial structure, or the extent of deprivation and discrimination), types 
of migration (e.g., primary, repeat, return, retirement, job transfer, job search) or 
temporal shifts in migration streams, distance likely plays an important role. This 
distance effect may be related to information flows, psychic costs, spatial concen- 
tration of populations or jobs, or other spatially related forces. 

As noted in the introduction, no one has as yet seriously exploited the potential 
of spatial econometrics in the migration literature. This would seem to be a natural 
extension for migration research and one with potentially greater importance at 
greater levels of geographic disaggregation. A more complete consideration of the 
spatial dimension in migration research is one of the key contributions that regional 
science can make to this literature. 



2.5 Understanding and interpreting statistical analyses 

Although great strides have been made in regional science migration research dur- 
ing the last half-century, significant cross-disciplinary methodological barriers re- 
main between, for example, descriptive and statistical, quantitative and qualitative, 
econometric and GIS methods. These barriers inhibit communication, understand- 
ing and, ultimately, truly interdisciplinary research. Such barriers result to a consid- 
erable extent from a frequent failure to carefully interpret results and to highlight 
limitations of the adopted methodology. This failure may come from a growing spe- 
cialisation in research or from a limited understanding of highly complex analytical 
tools included in the latest statistical software packages. 

^ Foot (1986) provides an example of simulating with the Alonso model the impact of exogenous 
labour market shocks on the matrix of gross migration flows. 
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A few comments on the interpretation of statistical results are warranted in this 
context. Many discussions of empirical results focus almost entirely on statistical 
significance. A variable is often deemed important if its estimated coefficient is 
statistically significant, with the highest f-statistics indicating the most influential 
variables. If the key variable has a statistically significant estimated coefficient, 
then the research paper is considered to have made a contribution and publication 
is more likely than when the results are “inconclusive”. This common practice in 
empirical research may lead to publication bias in a research synthesis. Correction 
methods have only recently been developed to tackle this problem (Nijkamp and 
Foot 2002). 

Another complication is that statistical significance does not necessarily tell us 
which variables have the greatest effect on the dependent variable. A high level of 
statistical significance merely indicates that the regression estimated the coefficient 
precisely. Sometimes the coefficient with the largest f-statistic has also the largest 
effect on the dependent variable, but not necessarily. To gauge the quantitative 
importance of a variable’s effect, measures such as elasticities or standardised beta 
coefficients need to be calculated. The estimated coefficients in a double-log model 
can be interpreted as elasticities, but for other functional forms the elasticities need 
to be calculated. Such calculations are rarely carried out and have led researchers in 
meta-analysis to adopt alternative means of comparison, such as partial correlation 
coefficients (Cooper and Hedges 1994). These methods have limitations and we 
encourage migration researchers to adopt a common metric of measuring the impact 
of a variable, so that international comparative research can be facilitated. 

Excessive concern with statistical significance particularly plagues limited de- 
pendent variable models, such as the logit model. Estimated coefficients from these 
models are not so straightforward to interpret - the change in the log-odds ratio 
is not immediately useful. This has contributed to the emphasis on statistical sig- 
nificance. Unfortunately, this leaves the reader with only limited insight. Although 
extra time is required, by computing marginal effects and/or probability elasticities, 
and then applying these to the data for illustrative purposes, far more interesting re- 
sults may arise. Davies et al. (2001) provide an outstanding example of thoroughly 
and usefully interpreting conditional logit results. Similarly, Hacker (2000) gives a 
commendable interpretation of multinomial logit estimation. 

2.6 Time-series modelling and forecasting 

Several reviews of the migration literature have called for more time-series analyses 
(Greenwood 1985, 1997; Plane and Rogerson 1991; Greenwood etal. 1991b; Plane 
2004). Many aspects of migration cannot be fully understood without time-series 
or panel data models. The study of, for example, life-cycle effects, return and repeat 
migration, cumulative inertia, and business cycle effects requires time-series data. 
Time-series analysis may shed more light on the choice between equilibrium versus 
disequilibrium perspectives of migration. In internal migration research, good time 
series data on migration have often been scarce (Greenwood 1985). As of the early 
1980s, only a handful of studies had been published (on e.g.. Great Britain, Ireland, 
Italy, Japan), since few countries had useful time-series data. Greenwood and Hunt 
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(1984) and Greenwood et al. (1986) are among the few early time-series analyses 
of US migration. Greenwood et al. (1991a) and Treyz et al. (1993) had to construct 
state-level migration data by applying a cohort- survival model to readily available 
population data. 

The number of time-series studies has fortunately increased in recent years 
as better and longer time-series data have become available. In the United States, 
annual net migration data are now available down to the county level.^ Lybbert and 
Thilmany (2000) used these data in a pooled cross-sectional/time-series analysis 
of Olympic host regions in North America since 1980. Davies et al. (2001) used 
annual area-to-area migration flow data from the Internal Revenue Service, available 
annually since 1975-1976. In addition, two longitudinal data sets are available for 
the United States. The Panel Study of Income Dynamics (PSID), goes back to the 
1960s, and is the best source for migration histories. Currently it follows about 
7,000 families. The National Longitudinal Survey of Youth (NLSY) began in 1979. 
The distinct advantage of the NLSY data is the narrow age range of its cohort 
- aged 14-21 in 1979. Surveying of a later cohort (8,984 youths bom between 
1980 and 1984) commenced in 1997."^ The NLSY surveys allow researchers to 
follow a cohort during the transition from education to the labour market and 
into adulthood. They are rich in labour market related data, which should make 
them valuable for migration research. To date, the NLSY data has largely been 
unexplored for migration analysis, though the research of Knapp and White (1992) 
and Levine and Zimmerman (1999) has increased awareness of this valuable data 
source. Limited sample size is the major drawback of PSID and NLSY. For a model 
using origin-destination specific migration flows for 48 states or an even larger 
number of labour market areas, the migration flow data may still be sparse, even 
with several thousand observations. Stratifying by characteristics such as age, race, 
poverty status, or family stmcture exacerbates this limitation. For many studies, 
however, a sample size of several thousand will suffice, in which case we have 
much to gain by more fully exploiting these longitudinal data series. 

Plane and Rogerson (1991) noted the difficulty of forecasting “turnarounds” 
in migration patterns. The turnaround in urbanisation during the 1970s stimulated 
a whole sub-literature in migration analysis. After the fact, scholars developed 
theories and analysed data to explain the phenomenon. Many migration scholars 
were surprised again by the suddenness in which the “turnaround” reversed during 
the 1980s, followed by newly emerging and more complex trends. 

“Unexpected” shifts in migration patterns can have dramatic consequences for 
receiving and losing regions. After the fact, explanations abound in the migration 
literature regarding such shifts, but they are often not easily identified in advance. 
In most countries a large industry has now developed, inside and outside academia, 
to prepare national, regional and sub-regional economic forecasts. Likewise, popu- 



^ County-level data are available back to 1970 and state-level data back to 1945 through residual 
derivation, however, there are breaks in consistency between earlier and later data. 

The National Longitudinal Survey also has four older cohorts, dating back to the 1960s. The Young 
Men and Older Men cohorts are no longer interviewed, while the Young Women and Mature Women 
cohorts continue. In addition, NLSY now conducts a complimentary survey of children of the original 
NLSY79 cohort. 
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lation forecasts at the national, regional and sub-regional level generate substantial 
interest. Plane and Rogerson (1991) are probably still correct in suggesting that the 
structure of existing migration models often preclude the accurate forecasting of 
migration pattern changes. Extrapolation may work well for forecasting the natural 
increase component of population change, but it does not always works so well 
in forecasting migration. At the regional level, migration is usually a large com- 
ponent of population change, often the largest component. Migration specialists 
and economic/population forecasters would mutually benefit by devoting more en- 
ergy to migration forecasting. Migration specialists could help forecasters develop 
better structural models of migration that account for life-cycle effects, cohort 
effects, and immigration’s effect on internal migration. Forecasters could help mi- 
gration scholars develop time-series data and methodologies that would allow us 
to put our theories to the stringent test of forecasting migration patterns, including 
“turnarounds” and other changes, based on changes in other economic, social or 
demographic factors. 

An example of this hybrid type of forecasting can be found in Gorbey et al. 
(1999). They develop time-series models of the migration between Australia and 
New Zealand (trans-Tasman migration), which is largely barrier-free for citizens 
of both countries and can therefore be easily interpreted as a form of internal 
migration. In this research, trans-Tasman migration is embedded in a larger model 
that forecasts population change in New Zealand by means of demographic and 
time-series methods. 



3 Crossing borders: Modelling international migration 

While the number of persons who live outside their country of birth is estimated to be 
at present still less than three percent of the world population, there has been a rapid 
growth in immigration almost everywhere since the 1980s. As a consequence, much 
has been written in recent years on the patterns of international migration flows, 
which tend to be highly selective of countries and regions, and the consequences 
for sending and receiving countries (surveyed inter alia by Gorter et al. 1998 and 
Borjas 1999). Much of what we wrote in the previous section would have relevance 
for international migration research too, but the contributions of regional science 
to this literature have been as yet surprisingly few. 

We can of course argue that it is difficult to test behavioural theories of migration 
with data on international migration flows, which tend to be subject to ever chang- 
ing immigration regulations, political upheavals in sending countries and global 
turbulence. Nonetheless, a distinction between push migration and pull migration 
has turned out to be useful (Zimmermann 1996). Moreover, as in internal migration, 
the aim of most international migrants is to improve their expected standard of liv- 
ing, taking into account the uncertainty involved (which is admittedly often much 
greater in the case of international migration). In addition, the difference between 
internal and international barriers to migration is a matter of degree. The illegal 
crossing of a border can have a high but estimable cost to the potential migrant or 
asylum seeker. 
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In terms of patterns of international migration, distance continues to play a role 
as well. Models of gross interregional migration can be equally fruitfully applied to 
international migration where international migration flows are fairly unrestricted, 
such as within the European Union or in Australasia. Foot (1995) provides an 
example in which interregional migration in Australasia is modelled with New 
Zealand as one of the nine regions considered. The international movement is 
driven by the same variables as interregional movement but also includes significant 
“border effects” in that response of migration to income differentials is less elastic 
for international movement compared with interregional migration. Karemera et 
al. (2000) show that the gravity model can be fruitfully applied to international 
migration also, but the modified gravity models - such as the Alonso (1978) model 
- do not yet appear to have had application to international migration. Demographic 
techniques of measuring onward and return migration probabilities can be applied 
equally to internal and international migration as well (with Waldorf 1998 providing 
an example of the latter). 

Internal migration research can benefit from the advances in international mi- 
gration research too. The Roy (1951) model, applied to international migration by 
Borjas (1987) and others, has become quite popular to explain the composition 
of international migration flows. In this model, migrants self-select both in terms 
of innate ability and measurable human capital. For example, migrants moving 
from countries with a narrow income distribution to a wider one tend to be positive 
self-selected in terms of innate ability. Positive self-selection also occurs for a host 
country in which investment in education reaps a greater return. Borjas et al. (1992) 
apply the idea of self-selection to internal migration but plenty of scope remains for 
further research in this area. For example, globalisation and economic liberalisation 
have led to a widening of regional income distributions, with the greatest widening 
in the largest metropolitan areas (see Karagedikli et al. 2000, for New Zealand 
evidence). Consequently, positively self-selected inward internal migration could 
reinforce faster growth in these globally connected cities. Interestingly, however, 
domestic migration patterns favour intermediate-size cities (Hansen 2001). 

Finally, in another important line of research, information asymmetry between 
immigrant workers and host country employers plays an important role. It can 
explain migrant skill levels, wages, remittances, etc. (Stark 1996). 



4 Consequences of migration 

We join a chorus of others, including Greenwood (1975, 1985, 1997), Plane and 
Bitter (1997), and Plane (2004) in calling for more work on the consequences of 
migration, both for people and places. To date, more has been written regarding 
consequences for people, especially the migrants themselves, than about places. 
Some of the more recent work of the former type includes Pekkala and Tervo 
(2002) on prospects of employment for migrants, Boyle et al. (2001) on women 
from migrating families, Crowder et al. (2001) on African-American males, and 
Clark and Withers (2002) on two-earner families. 

Relatively little has been published in the regional science literature regarding 
migration’s impact on places. Feser and Sweeney (2003) address this issue in broad 
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terms. Borjas et al. (1992) discuss how internal migration flows affect regional 
economic growth. In terms of macro-level consequences of migration for regional 
labour markets, applications of the Blanchard and Katz ( 1 992) vector autoregression 
approach remain popular (see Choy et al. 2002 for a review of this literature). 

However, more has been written in recent years on the consequences of im- 
migration, particularly in terms of the economic effects on immigrants and/or the 
native population. The labour market impact tends to be of most interest (see e.g.. 
Greenwood et al. 1996, for a US application). Borjas (1999) provides an excellent 
survey of the welfare effects of immigration, the economic assimilation of immi- 
grants and the effect on natives’ wages. The regional and urban dimensions are 
rather less well researched in this literature, but see for example Isserman (1993), 
Gorter et al. (1998) and Easton (2001). 

A rather better researched topic in labour economics generally is the impact of 
immigrants on wages in the local labour market. It is generally found that even a 
large influx of migrants has little impact on local wages (see e.g.. Card’s 1990 study 
of the Mariel boatlift’s impact on the Miami labour market). A simple explanation is 
that wages are unaffected because immigrants encourage an outflow of natives from 
the local labour market. Available evidence, however, suggests this not the case. 
Instead, changes in industry structure or local demand may offset the immigrant 
labour supply shock (Card and DiNardo 2000). 

The relative dearth of research on migration’s consequences is troubling given 
its practical importance. Migration provides a primary means for individuals and 
places to adjust to social and economic changes. How effectively does migration 
accomplish this? We still do not know enough about the returns to migration because 
it is difficult to identify the counterfactual. Krieg (1997) attempts to econometrically 
identify the returns to migration by means of PSID data. 

For many individuals, migration clearly improves welfare, yet it does not work 
out so well for others, including many who return “home”. It would help to know 
which personal and contextual characteristics associate with “successful migration” 
and which associate with “unsuccessful migration”. We should be greatly interested 
in how poor people fare when they migrate. Welfare reform in many countries has 
increased the pressure on the poor to either find employment locally or move. In 
the long-term, does this improve the well being of the poor by providing incentives 
resulting in employment, or do many low-income migrants make a tough situation 
worse as a result of poor migration decisions? Longitudinal data sets and concomi- 
tant advances in statistical methodologies make this a potentially fruitful research 
area. 

Feser and Sweeney (2003) discuss the prospect that selective migration from 
declining areas could impede recovery, leading to a downward spiral. This is con- 
sistent with cumulative causation models and endogenous regional growth theory 
(Nijkamp and Foot 1998). Cushing (1999) provides some evidence of this cumula- 
tive decline for a distressed portion of Central Appalachia, but this topic also needs 
to be addressed much more rigorously. 
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5 Migration and public policy 

Most migration research has at least indirect policy relevance. As Greenwood ( 1 997, 
p. 648) notes, however, few direct links have ever been drawn between policy 
tools, such as migrant subsidies and regional employment policies (Bartik 1991), 
and internal migration”. This differs from many, if not most, other subfields of 
regional science. 

Two main strains of policy research are needed. First, we should consider 
explicit migration policies, i.e., policies directly intended to influence migration 
choices. While the literature on the impact of immigration policy is growing, the 
impact of policies dealing with internal migration has been largely unresearched. 
Internal migration policy has been in many countries a “passive” policy (Green- 
wood 1997). Consistent with the notion of migration as a mechanism for adjusting 
to social and economic change, migration has been connected to policy primarily 
as a side effect of economic growth or other policies. 

The United States has had some limited experience with migration policy 
(Mueller 1981). The Job Search and Relocation Assistance programme, adminis- 
tered by the US Department of Labor, offered information on out-of-area jobs and 
long-distance telephone referral service, job search grant funds to cover expenses 
for job interview visits, and relocation grants. Relocation grants were not widely 
used. Mueller believed that the programme could have been improved, but that it 
had potential for reducing the risks of moving. The two Trade Act programmes (the 
Trade Adjustment Assistance programme of 1974 and the North American Free 
Trade Agreement-Transitional Adjustment Assistance programme) currently pro- 
vide these and other benefits to workers displaced due to imports, though the job 
search and relocation assistance grants are seldom used (US Department of Labor 
2003). 

Migration is not always efficient. Some migrants make mistakes, due to im- 
perfect information or uncertainty. Others may make socially suboptimal choices 
because they do not internalise externalities of their migration decision, or because 
other policies have unintended consequences leading to either too much or too lit- 
tle incentive to migrate. In such cases, information programmes or even migration 
subsidies might make sense. More than a decade ago. Long (1988, pp. 169-171) 
suggested that the time had come to reconsider the potential usefulness of migration 
subsidies, yet most migration research continues to be silent on migration policies. 

The second aspect of policy is the interaction between migration and other 
public policies that have unintended (perhaps intended at times) consequences on 
migration. The effect of social welfare programmes on low-income migration serves 
as a prime example. Migration could serve as a potentially effective means of fight- 
ing poverty if it results in relocation to areas having better economic opportunities. 
Social welfare programmes are seriously deficient if spatial variation in benefits 
either attracts substantial numbers of low-income households to locations that have 
poor economic opportunities, or inhibits out-migration from such regions. 

Theoretically, if welfare-benefit differences induce migration then sub-national 
governments could encourage out-migration and discourage in-migration of the 
poor by reducing benefit levels (or tightening eligibility criteria). This could lead 
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to a “race to the bottom”, in which regional governments export their poverty 
burden to other states.^ This is one topic on which the migration literature has 
directly addressed a real policy issue. Scholars have researched and debated the 
welfare magnet issue for more than three decades.^ Unfortunately, the combination 
of different data sets, time periods, models, and methodologies have led to a variety 
of often contradictory conclusions. 

Cushing (1999) examined the potential consequences of welfare reform on a 
severely distressed region in southern West Virginia. This region experienced an 
extended period of economic decline and out-migration, which resulted in local 
populations that were mostly immobile, both in terms of location and occupation. 
The research concluded that welfare reform’s “two years and you are off” policy 
should not be applied uniformly, since such depressed regions would probably be 
unable to respond to the policy’s incentives, and a disproportionate number would 
thus suffer from the policy consequences. 

Examples of unstudied or understudied migratory implications of policy 
changes abound. Unemployment insurance programs (Fields 1979; Cushing 1993), 
national health policies, tax policies (Cebula 2002; Conway and Houtenville 2001), 
employment policies (Hamalainen 2002), and state minimum wage policies all 
could have significant interaction with population migration. 

Furthermore, the question whether migration leads to the efficient provision 
of public goods, first hypothesised by Tiebout (1956), remains a popular research 
topic. As noted earlier, migrants do appear to respond to interregional differences 
in public services and taxes (Cebula 2002), but the efficiency implications of this 
remain hard to identify. Thus, there has been extensive theorising on this topic, and 
some of the research may in fact also extend to the case of international migration 
(Richter 1994). Empirical estimates of the implications of fiscal competition remain 
rather rare, although Pogodzinski and Sass (1994) and Epple et al. (2001) provide 
important examples. 

Finally, tied in with regional forecasting models, migration could be linked 
integrally to policy impact studies. Policymakers would also be keenly interested 
in immigration’s relationship to all of the above policy issues. In a nutshell, the 
migration literature lags behind many other regional science topics in addressing 
real policy applications, as well as in the use or proposal of feasible policy tools. 
Plenty of interesting and potentially productive applications wait in the wings. 



6 Challenges for future research 

Academic research has greatly advanced our understanding of migration, particu- 
larly during the past 40 years. The regional science community has played a major 
role in this research, and migration “constitutes one of the more active and sub- 
stantial specialty groups'' within the regional science community (Plane and Bitter 

^ Bmeckner (2000) concludes that empirical evidence supports the “race-to-the-bottom” hypothesis. 
For a broader discussion of territorial competition, see Foot (2000). 

^ See Moffitt (1992) for a review of the literature and Cushing (1993), Frey et al. (1996), Levine and 
Zimmerman (1999), and Bmeckner (2000) for more recent contributions. 
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1997). Knowledge of the migration process and its consequences, however, can 
be advanced much further by regional science migration research. This research 
can be made more productive in three key ways. Firstly, we noted that a more uni- 
fied body of research on internal and international migration is needed. Secondly, 
the methodologies and perspectives from the different regional science disciplines 
can be better integrated. Thirdly, more effort should be made to connect migra- 
tion research to related research areas both inside and outside the regional science 
community. 

Clearly, the migration literature has developed a strong scientific foundation 
over time (Greenwood and Hunt 2003). Looking at the entire body of literature, 
however, we must question how effectively we have built upon this foundation. 
Too often a research paper focuses narrowly on a specific theoretical, empirical, 
or methodological issue while ignoring issues already established as important or 
problematic. Several studies (particularly Cadwallader 1992; Clark 1986; Green- 
wood 1975, 1985, 1997; Greenwood et al. 1991b; Plane and Rogerson 1991; Plane 
2004) have done an admirable job of summarising established building blocks 
and/or pointing us toward research with potential to add to the foundation of mi- 
gration research. Yet we still see some migration research devoid of space/distance, 
lacking any measures of economic opportunities or other place/contextual charac- 
teristics, omitting consideration of personal characteristics (either as explanatory 
variables or stratification levels), or ignoring other well-established theories, con- 
cepts, or methodological issues of migration modelling. Creativity and the conse- 
quent diversity in approaches to migration modelling can be a great asset, but will 
be most beneficial when built on a well-established foundation. 

Interdisciplinary interaction in migration research has improved immensely 
during the past 20 years, at least to the point where scholars are more open to 
adopting perspectives from other disciplines. And yet we have a long way to go 
before truly “linking the research laagers” (Plane and Rogerson 1991) of our differ- 
ent disciplines. We will build a stronger foundation by combining perspectives of 
geographers, economists, and other disciplines as well as better integrating the the- 
oretical and empirical contributions. A better communication of research findings 
in terms that are broadly understood by both regional scientists and the growing 
number of regional development practitioners would also be beneficial. For exam- 
ple, as noted earlier, a paper explained and interpreted as effectively as Davies et 
al. (2001) has much to offer. 

Finally, we agree with Greenwood (1997) and Plane (2000) that much can be 
gained from linking migration research to other research areas. Migration intersects 
with many other research areas in the social sciences. We have already discussed the 
usefulness of linking migration with regional and national econometric modelling. 
Migration also connects naturally with much research on industrial/firm location, 
the environment, occupational mobility, poverty, discrimination, public economics, 
population geography, spatial demography, political geography, health economics, 
economics of crime, and, undoubtedly, many other research areas. Regional science 
migration scholars have much to offer to these related research areas, including an 
eagerness to promote interdisciplinary interaction, but we would also gain new 
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perspectives from these areas, as well as an endless supply of interesting research 
topics. 
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Abstract. Spatial interaction (SI) is the process whereby entities at different points 
in physical space make contacts, demand/supply decisions or locational choices. 
The entities can be individuals or firms and the choices can include housing, jobs, 
production quantities, exports, imports, face-to-face contacts, schools, retail centres 
and activity centres. The first SI models can be grouped under the generic head- 
ing gravity models. Their main characteristic is that they model the behaviour of 
demand or supply segments, rather than that of individuals and firms. This article 
traces the development of these models from their inception in the early part of the 
twentieth century to the present. The key advances include the replacement of the 
gravity analogy by the more general concepts of entropy or information theory, a 
statistical framework commonly used in physics. With the arrival of the regional 
science paradigm over 50 years ago, a key challenge has been to broaden these mod- 
els compared to those arising in spatial economics, thus arriving at a more inclusive 
probabilistic framework. These efforts are discussed here, as well as inclusion of ge- 
ographical advances, embracing activities as generators of travel, time-geography, 
recognition of spatial interdependencies, and use of neuro-computing principles. 

JEL classification: C190, C450, C610, ROO 

Key words: Spatial interaction, gravity models, entropy, probabilistic, spatial 
structure, neural networks 



1 Early developments 



At the outset, let us state clearly that a single review article on the large number of 
contributions to spatial interaction (SI) modelling is inevitably selective. Readers 
can obtain further insights on the evolution of this field from the introductory 
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portion of Sen and Smith (1995), the review chapter by Batten and Boyce (1986), 
the commentary in Roy (1990) and the first three chapters in Roy (2004). 

Isaac Newton’s Theory of Universal Gravitation reigned unchallenged in the 
latter part of the nineteenth century, before the appearance of Einstein’s radical 
theories. If dij is defined as the distance between bodies i and j, rui and rrij are 
the masses of bodies i and j respectively, and /c is a constant, then Newton’s theory 
yields the gravitational force Fij between bodies i and j as 

Fij — klTliTTlj (^dij^ ( 1 ) 

Thus, it is hardly surprising that suggestions arose for using Newton’s theory 
to explain the patterns in certain types of human activity between entities physi- 
cally separated in space. In particular, during the mid- 1850s the first applications 
of this theory to aggregate structures of movement and communication resulting 
from a behavioural decision process were undertaken, to either make contacts, de- 
mand/supply decisions, or locational choices; in short, spatial interaction occurred. 
In these pioneering applications, the gravitational force was replaced by the inten- 
sity of the interaction between the two areas, expressed as the number of trips or 
moves between the areas. The masses needed to be defined according to the type 
of activities being modelled. Not until the work of Stewart (1941) were the masses 
specified as the populations of the origin regions and destination regions of the 
movers, albeit whilst retaining Newton’s squared distance effect. A more empirical 
determination of a “gravity parameter” awaited the efforts of retail modellers in the 
1960s. 

That one of the first texts recommending the use of gravity models in regional 
science was in the chapter ‘Gravity, potential and spatial interaction models’ of 
Isard (1960) is highly appropriate. Then, with the growth of large regional shopping 
centres in advanced economies in the 1960s and beyond, competition among the 
multiple urban regional centres, as well as between the regional centres and the 
Central Business District (CBD), needed to be accounted for. Huff (1963) rose 
to the challenge by developing a probabilistic retail model. His model evaluated 
the choices of alternative shopping centres by sets of shoppers, which in the end 
determine their viability and the (overlapping) trading areas associated with each 
centre. As with random utility theory, the probabilistic structure recognises that a 
typical shopper in a large urban area does not shop exclusively at one centre, but 
chooses among alternative centres. More importantly. Huff moved away from the 
rigidity of the Newtonian model by: (i) treating travel time rather than distance as 
the separation component, and (ii) allowing the gravity exponent to be calibrated 
from observations, rather than being set a priori as —2. Letting pij be the probability 
of a shopper in origin zone i shopping at centre j, Uj the travel time between i and 
j and (-A) the gravity exponent. Huff’s model is given as: 



Pij = 




( 2 ) 



where denotes the sum over all the competing centres k. In general, Wj denotes 
a measure of the relative attractiveness of destination j, here taken as the floorspace. 
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Finally, if Oi denotes the number of customers (trip origins) in zone i, then the 
number of trips Tij between i and j during a specified interval is simply given as: 

Tij = OiPij. (3) 

From this pattern of shopping trips and assumptions on expenditure per trip, it is 
possible to evaluate expected turnover levels, parking requirements, and customer 
catchment contours for each centre. In practice, the households can be classified into 
different income groups and the retail goods into categories such as convenience 
goods and comparison goods, with a separate calibration being performed for each 
income group/good combination. Note that, by recognition of the gravity index 
(-A) as a parameter to be calibrated rather than an assumed constant, the Huff 
model must supplement Census data by surveys on the choice of the different 
centres by customers from the different origin zones. With the commercial use of 
Geographic Information Systems (GIS), it has established itself as one of the most 
widely used market forecasting approaches in business geographies (Birkin et al. 
1996). 

A further interesting analysis from the 1960s was Lakshmanan and Hansen 
(1966). In particular, they examine the long-term stability of the location and facility 
size distribution. For each class of goods, it assesses levels of turnover per square 
foot of floorspace as profitability thresholds, plotting these levels for the major 
centres in the Baltimore region. In projecting likely future patterns of facilities, it 
gives greatest credence to those having relatively small variations in the expected 
turnover per unit area. In fact, this work anticipates heuristically the more formal 
locational equilibrium framework introduced in the path-breaking paper of Harris 
and Wilson (1978). 

An early alternative approach is the “intervening opportunities” model, first 
developed by Stouffer (1940) and refined for the joumey-to-work by Schneider 
(1959) for the Chicago Area Transportation Study. Thus, for each origin zone z, we 
rank possible destination zones j as jim in order {m} of their proximity to zone 
i, where the ‘closest’ zone to i is denoted by m = 1. Let Tijm be the number of 
trips from zone i stopping at the mth ordered destination j out from i. Also, let Oi 
be the number of commuters available at zone i. Then, approximating difference 
equations by a differential equation, Tijm can be shown to be given as: 

Tijm = kiOi[exp -{pWijm-i) - exp -{pWijm)], (4) 

in which Wijm is the total number of jobs “passed” up to and including jim- 
This model exceeds the basic gravity concept in attempting account for the spa- 
tial ‘structure’ of the opportunities, anticipating the more formal work on spatial 
structure spearheaded by Fotheringham (1983) and discussed later. A hybrid spa- 
tial interaction/intervening opportunities model was proposed by Long and Uris 
(1971). However, this and earlier incarnations of the concept of intervening oppor- 
tunities have two key limitations: (i) their inability to satisfy the usual destination 
constraints: 



Tijm — Dj , 



1771 



(5) 
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where Dj is the number of jobs in zone j, and (ii) the fact that destinations can 
be distributed over 360 degrees surrounding the origin zone i, implying that the 
opportunities in successive destinations at increasing distance out from i may not 
be truly “intervening” (Guldmann 1999). This can be countered by introducing an 
extra route index along which opportunities directly “intervene” (Roy 1999). 

Some of the earliest work on modelling trade flows was performed by Heckscher 
(1919) and his student Ohlin (1933). For any given commodity flowing between 
any two regions or countries, let Oi be the production of the commodity in origin 
region i, Dj the consumption of the commodity in destination region j and 0{= D) 
the total production/consumption) of the commodity over all regions. Then, the 
Heckscher-Ohlin (H-0) model gives the trade flows Tij between any two regions 
i and j via the simple bi-proportional relation: 

Tij = OiDj/0. (6) 

If in the basic gravity equation (1) the masses are taken as Oi and Dj and the 
constant A: as ( 1 /O) , then the H-0 model emerges just for the special case when the 
gravity exponent is zero, implying that trade flows are independent of the distances 
through which the goods are shipped. They are merely jointly proportional to the 
production of the commodity at the origins and its consumption at the destinations. 
As motivated by Deardorff (1995), a natural option is to turn to a gravity model in 
terms of the transaction costs dij between the regions. This would yield (6) in the 
form: 



Tij = 0{0,D,d-^/ 



E 






(7) 



reducing to (6) when the gravity index n is zero. The denominator ensures satis- 
faction of the total flow conservation condition ^ Tij = O. Although this simple 
gravity model was used for some early studies following the lead of Tinbergen 
(1962) and Linnemann (1966), it was soon realised that the product of production 
potential, consumption potential and gravity influences did not explain some trade 
patterns well. For instance, many countries have historical trade patterns based on 
cultural affinities and perceptions of quality and reliability of delivery. This prob- 
lem was addressed by Theil (1967), who multiplied Tij in (6) by a bias factor Qij 
defined as: 



Qrs = {TijO)/{TiDj), ( 8 ) 

where the bars refer to the corresponding quantities as observed at the base period. 
It is clear that such a model will perform well when mainly quantity changes occur 
between the base period and the projection period. However, when one is trying to 
determine the influence of expected changes in transport costs or import tariffs on 
future trade patterns, the use of (7) would be more appropriate. 

As evidenced by its lineage, the distinctive contribution of SI models to flow 
and movement analysis is to separate explanatory factors into three multiplicative 
classes, site attributes of origins, site attributes of destinations and measures of rel- 
ative distance/travel time separating origins and destinations, sometimes collected 
under the heading “impedance” effect. 
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2 Some important steps 

2.7 The entropy approach 

The entropy procedure (Wilson 1967) arises from the field of statistical mechanics, 
which reflects an enumeration approach to statistics in terms of combinatorial anal- 
ysis. The theory can be regarded as a macro theory with micro foundations. The 
most probable macro distribution is that which can be replicated by the maximum 
number of micro level events. In other words, the most probable macro allocation 
of a given activity, such as work trips, between a set of spatial zones is a priori that 
which can be matched by the maximum number of potential trips between each 
individual worker in each zone of residence and each filled job in each zone of 
employment. The key assumption is that each micro level event associated with a 
given macro distribution is equi-probable. We note that this theory is applicable to 
any field where data availability restricts analysis to a macro level while identifiable 
discrete objects exist at the micro level, and is certainly not intrinsically a part of 
physics. In fact, the approach is used in many contexts where: (i) the number of 
individual objects is very large, (ii) data is only available at an aggregate level, (iii) 
one is only interested in having model results at this same aggregate level, and (iv) 
the within-aggregate variance of the individual behaviour being modelled is much 
less than the between-aggregate variance. In cases where condition (iv) is unlikely 
to hold, one should perform market segmentation and carry out a separate analysis 
for each segment. 

A different concept of entropy was introduced by Shannon (1948) in terms of 
a representation of the uncertainty of a probability distribution, in which the most 
probable distribution is defined as that having the maximum entropy or uncertainty. 
Note that this specification allows for distributions to be defined either with respect 
to macro behaviour by sets of individuals (e.g., the probability of any randomly 
chosen worker commuting from a given residential zone and arriving at a given 
employment zone), or with respect to different discrete choices by specific indi- 
viduals (e.g., his or her choice of travel mode for the work journey). For example, 
the entropy S associated with the probability phm that a sampled individual h will 
choose mode m for the work journey is: 



S ^ ^ Phm IQ^ Phm • (9) 

hm 

The possibility of using entropy for individual discrete choice was introduced 
into regional science by Anas (1983) and shown to yield identical results to multino- 
mial logit models when estimated via maximum likelihood. This raises the question 
of the relevance of aggregate type models in contemporary regional science. The 
advent of information technologies has created an information-rich environment 
wherein travel behaviour databases encompassing movement and communication 
in space and time have become much more common (Cambridge Systematics 1 996). 
An additional factor pertains to the dramatic advances in the econometrics of disag- 
gregate choice models (Ben-Akiva and Lerman 1985; Cramer 1991) and in travel 
behaviour modelling (Ettema and Timmermans 1997; Hensher 2001) that expedite 
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the analysis of disaggregate behavioural data. While some of the bad press directed 
to SI models may perhaps be justified (Ortuzar and Willumsen 2001), much of it 
seems to be ‘ideological’, omitting the fact that almost all recent applications of SI 
models cleverly segment the market to considerably reduce aggregation bias. 

In addition, individual choice models are rarely estimated fully on individual 
data, with revealed choice travel models extracting travel times from an aggre- 
gate congestion assignment analysis and data on individual firm behaviour being 
restricted by confidentiality requirements. Also, well-tried market-segmented mod- 
els, such as the Huff model, have proved surprisingly robust. Where multi-event 
decisions are being modelled, such as choice of different quantities of multiple 
goods and services at multiple stops along a trip chain, the required size of individ- 
ual data samples can be awesome. Furthermore, flow modelling is used to forecast 
future demand, which typically has to be provided at the aggregate level due to the 
aggregate nature of future flow predictors. While deriving aggregate forecasts from 
a disaggregate model remains a challenge to this day, it is trivial with SI models. In 
particular, the mobility modules of large-scale integrated land-use/transportation 
models remain anchored in SI modelling (Mackett 1994; Wegener 1994; Martinez 
1996). The main message for the modeller is to use judgement on which approach 
to adopt in a particular case, bearing in mind the above strengths and weaknesses, 
as well as the most current international studies. 

Following Wilson (1967) and his successors, such as Fisk and Brown (1975), 
the statistical mechanics entropy formulation is now presented for joumey-to-work 
travel. At a certain base period, let there be Oi workers observed in origin zone i 
and Dj filled jobs observed in destination zone j, yielding T — Y^^Oi — Yj 
round trips in any one day. Let Tij be the unknown number of trips between zones 
i and j. Also, let Cij be the average generalised cost of travel (i.e., the money 
cost plus the time cost obtained with an assumed value of travel time) between 
zones i and j. From a base period survey, let the average generalised cost of travel 
over the entire urban area be c^. Now, the objective is to find the ‘macrostate’ trip 
distribution Tij at the base period, which maximises the number of associated micro 
level events (called microstates), consistent with satisfying all of the above base 
period observations, introduced via constraints that the model must replicate. These 
constraints are taken to add ‘information’ to the model. 

The main principle for proceeding from macrostates to sets of associated mi- 
crostates, as inferred from Roy and Lesse (1981) for regional science, is: 

Individual objects only define microstates upon descending from any macro (aggregate) level 
to the individual object level when they are non-homogeneous (that is, distinguishable) with 
respect to the macro level behaviour being modelled (e.g., when modelling interzonal joumey- 
to-work travel, commuters travelling between zonal pairs have different commuting time vs. 
job benefit trade-offs). 

In addition, the individual jobs themselves within each zone may usually be 
of variable intrinsic attractiveness. Thus, the microstates are defined here as each 
distinguishable worker within a set in a given origin zone travelling to a set of 
jobs in a given destination zone and occupying a distinguishable job there. Using 
an improvement introduced by Cesario (1973), the entropy Z associated with a 
certain macrostate distribution Tij is the number of ways that Oi distinguishable 
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workers may be allocated from residential zones i to job zones j in groups 
times the number of ways that the Dj = Tij distinguishable workers arriving 
at j may be allocated among the Dj distinguishable jobs there. From permutation 
and combination theory, the number of microstates is given as: 

^ = {[7riOi!/{7TjTij!}][7rj£>^!]}, (10) 

where tt represents the product sign and ! the factorial. The first term denotes the 
number of ways (combinations) that Oi distinguishable workers in each origin zone 
i may be allocated into destination sets With the second term, we have the 

number of ways (permutations) that the Dj distinguishable workers arriving in zone 
j may be allocated into the Dj distinguishable jobs there, with only one worker 
being allocated to each job. The objective Z to be maximised can be replaced by the 
monotonic transformation S = log Z, where the log is the ‘natural’ log. Also, for 
cases with a large number of objects, the Stirling Approximation x\ = x{\og x — \) 
can be applied. This enables (10) to be simplified to: 

5 = logZ = ^ 04 logO, - 1] -Y,Tij[^ogTij - 1] + J2Dj[logDj - 1], 

i ij j 

( 11 ) 

As the origin totals Oi and the destination totals Dj are known base period 
inputs, only the second term in (11) is involved in the differentiation. Now the 
maximisation of (1 1) is to be constrained by inducing the model flows to conform 
to certain aggregate base period quantities. Such constraints (except if they are 
strongly collinear) not only reduce the ‘entropy’ or ‘uncertainty’ of the final solution, 
but usually contribute to obtaining a {Tij} solution closer to that observed at the 
base period. Such a model then becomes potentially viable for making projections 
for a future period. The constraints introduced by Wilson are firstly the origin and 
destination constraints (12) and (13): 



j 


(12) 


Tij = Dj . 


(13) 



i 



In addition, as we are studying a particular class of behaviour, that is, of commuters, 
at least one behavioural constraint must be introduced. In Wilson (1967), this con- 
straint reproduces the observed average base-period generalised cost of travel in 

terms of the interzonal travel costs Cij, yielding: 

Y,TijCij=Tc^. (14) 

Now if expression (1 1) is maximised in terms of Tij, applying constraints (12) 
with Lagrange multipliers A^, constraints (13) with multipliers ry' and constraint 
(14) with multiplier j3, the solution emerges in the form: 

Tij — AiOiBjDj exp [3cij, 



(15) 




346 



J.R. Roy, J.-C. Thill 



where the ‘balancing factors’ Ai = exp — and Bj = exp — r/j are expressed 
recursively in the form: 



j 


(16) 


{Bjy^ = ^ AiOjexp-/3cij. 


(17) 



i 



This is the classical form of the doubly-constrained entropy model and has 
also become known as the trip distribution step in the 4-step transport planning 
model. The unknown balancing factors Ai and Bj are obtained by solving the 
recursive equations (17) iteratively. Parameter (3 is evaluated by solving (14) via 
linear extrapolation. 

In making future projections where one has estimates of changes in the distribu- 
tion of housing and jobs, as well as changed transport costs, the ‘gravity impedance’ 
Lagrange multiplier j3 above is usually treated as a parameter, with the average trip 
cost emerging as an output, overcoming the popular misconception that entropy 
models impose constant travel costs. A general formalism for transforming the 
model such that these relevant Lagrange multipliers at estimation become param- 
eters for projection was introduced by Lesse (1982) and is discussed later. 

Karlqvist and Marksjo (1971) demonstrated that if the model form (15) has its 
parameters Ai, Bj and j3 estimated by the method of maximum likelihood, not only 
are the likelihood equations identical to our entropy model constraints (12) to (14), 
but the parameters are identical to the Lagrange multipliers of the entropy model. 
This correspondence has not been fully appreciated. 

Using the particular case of the doubly-constrained entropy model of Equations 
(14-17), Evans (1973) demonstrated that, as the gravity parameter j3 approaches 
infinity, the result approaches asymptotically that of minimising the total travel cost 
on the right-hand side of (14) under the origin and destination constraints (12) and 
(13), respectively. The latter is known as the transportation problem of linear pro- 
gramming (LP). Thus, there is a seamless transition, as /? starts increasing towards 
infinity, between the solution of the probabilistic entropy model and the solution 
of the deterministic LP, the objective of which is the base period cost (behavioural) 
constraint of the entropy model. This result implies that the deterministic problem 
can always be obtained as a ‘special case’ of our entropy problem by making the 
behavioural parameter [3 sufficiently large. More importantly, we are free to con- 
struct probabilistic versions of classical deterministic models arising from different 
theories (Smith 1990), such as the profit maximisation supply model of identical 
perfectly competitive firms arising from microeconomic theory. In this case, the 
cost constraint (14) is merely replaced by a profit constraint, with the revenue term 
expressed via a production function (which gives output as a function of the quan- 
tities of all the material and human inputs) and the cost term given as the sum of the 
costs of all these inputs and their transport costs to the places of production. This 
property (Roy 2004) lies at the heart of efforts to link probabilistic SI modelling 
with some of the deterministic models of microeconomics, enhancing the latter to 
become probabilistic. 
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From the generic model (15), it is straightforward to derive the retail model of 
Wilson (1970) as: 



-Oi^"exp-/3c, 




exp ~l3ci 



(18) 



where Sij is the number of retail trips between origin zone i and centre Wj the 
floorspace of centre j, Cij the generalised cost of travel between zone i and centre j 
and a a scaling parameter estimated simultaneously via maximum likelihood. This 
model continues to be widely applied as a more elaborate cousin of the Huff model. 



2.2 Information theory models 

Information theory (Kullback 1959) is a statistical inference technique evaluating 
the change in a probability distribution due to the supply of certain new information. 
The information gain of a message predicting that an event will occur according to 
an a posteriori probability x\ with respect to an a priori probability xq is given as: 

/(xi,a:o) = logg(rci/xo). (19) 

Expanding the concept to the n by n bilateral joumey-to-work system Tij of 
Wilson (1967), we can define pij = {Tij /T) as the probability that any trip chosen 
at random occurs between zones i and j. If qij is defined as the observed probability 
of such an event at the (usually) most recent time period at which data is available, 
then the information gain objective (19) is generalised to the bivariate distribution 
below: 



I{P,Q) = T,Pij log(Pu /qij ) ■ (20) 

If both sides of the origin and destination constraint relations (12) and (13) are 
converted into probabilistic form by dividing by the total number of current trips 
T, then minimisation of (20) under these constraints yields: 

Pij — (21) 

with Oi — OijT^ dj —DjjT and and bj expressed recursively as: 

j 

i 

As demonstrated by Snickars and Weibull (1977), the ‘Fratar’ method (2 1 )-(23) 
usually performs better than the entropy gravity model (15)-(17). Note that, the 
average trip cost c represents a key property of the internal state of the transport 
system being modelled, being an output from rather than an input to our projection 
model. As the Fratar approach has no explicit representation of transport costs. 



( 22 ) 

(23) 
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it has no way of representing a major change in the transport network or costs 
between the base period (corresponding to our observed ‘prior’ distribution) and 
the projection period. Conversely, the gravity model (15)-(17) merely enters the 
new generalised transport costs in place of the original costs Cij and re-balances 

(16) and (17) to compute the projected flows. However, if it did not do a very good 
job in fitting to the observed base period flows, we can only expect fair accuracy 
in projecting the relative changes in flows from the base period. This anomaly 
was addressed in Roy (1987), where an approach was presented to combine the 
greater projection reliability of the Fratar procedure with the sensitivity to transport 
network and cost changes of the conventional gravity model. If the ratios of the 
observed base period flows and the flows produced by the entropy model (15)-(17) 
are introduced as prior probabilities into an enhanced entropy model (15)-(17), the 
result corresponds identically to the observed base period flows. Thus, the enhanced 
model is not only sensitive to changes in transport costs via (14), but also likely to 
be a good predictor. 



2.3 Use of entropy as a constraint 

In Erlander (1980) and Erlander and Stewart (1990), the entropy maximisation 
problem is turned on its head. The cost constraint, such as in (14), becomes the 
objective, with the entropy objective, such as in (1 1), being applied as a constraint. 
Note that this is not a dual formulation in the mathematical sense - it is rather 
an expression of the interchangeability of objective and constraint in Lagrangian 
analysis. In Erlander’ s framework, the minimisation of cost is restored, from being 
a constraint in the entropy model, to being the objective in its deterministic ana- 
logue. Then, to modify the solution to pick up the dispersion from the deterministic 
solution, the modelled entropy is induced to reproduce the entropy evaluated at 
the observed values of the flows. The derivation of Erlander’s model is illustrated 
on the doubly-constrained joumey-to- work model, given in (14) to (17). Let the 
objective C be the total transport cost to be minimised: 

C — Tij Cij , (24) 

which occurs in constraint (14) in the usual solution. Then, if we know the observed 
base period flows Tf-, let the ‘observed’ entropy be computed from these flows 
and applied as the following constraint: 

-y]T,,[logT,^ - 1] - - 1] = (25) 

ij ij 

which is the objective (1 1) in the conventional case. Now, if the total transport cost 
C is minimised under the usual origin and destination constraints (12) and (13) 
plus the entropy constraint (25), we obtain the following: 

Tij = exp -(A" + rj'j + /3”cy ), 



(26) 
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where (1//3") is the Lagrange multiplier on the entropy constraint (25) and and 
7]'- those on the origin and destination constraints (12) and (13), respectively. This 
relation can be compared with the solution of the conventional entropy model, where 
the functional form is identical, but the parameters are different. This difference in 
parameters is an empirical matter, depending on goodness-of-fit of the models. 

The Erlander analysis above relates to a single event situation, such as desti- 
nation choice. It remained for Boyce et al. (1983) to extend Erlander’s ideas for 
distributions with at least two interdependent events (e.g., choice of job and choice 
of travel mode for the journey to work), adding at least two entropy constraints. Roy 
and Lesse (1985), inspired by Boyce’s work, produced a primal entropy maximi- 
sation variation of the same models, recognising that the models possess a similar 
structure to nested logit models arising from random utility theory. The ‘reverse 
model’ was implemented by Abrahamsson and Lundqvist (1999). Boyce’s own 
work is further developed in Boyce and Bar-Gera (2003). Although it is more a 
matter of taste whether the Erlander approach or the standard entropy procedure 
is to be preferred, there appear to be greater difficulties in computing the observed 
entropy than the average cost of travel, where robust sampling procedures are avail- 
able. 



2.4 Information, constraints and open models 

In the first instance, we must regard model calibration merely as solution of the 
constrained entropy maximisation problem for both the unknown flows and the 
unknown Lagrange multipliers on constraints using data at a certain base period. In 
attempting to give probabilistic versions of the open models of economics, where 
quantities are endogenous and price-responsive, we are faced with an apparent 
contradiction. For our models to be information-rich and robust, information needs 
to be added to the model system during calibration in the form of constraints. 
On the other hand, such constraints would appear to close up the model when 
it is being used for projection. This conundrum is handled by using a formalism 
introduced by Lesse (1982), which was first used to open up SI models in (Roy 
1983). Despite the elapsed time, the power of the approach seems not to have been 
fully appreciated. We illustrate it on the simplest possible case, the conversion of 
the Lagrange multiplier (3 on the base period cost constraint (14) to a parameter for 
projection. 

The first step is to write out the Lagrangian function associated with the 
entropy function (13) and its constraints (5), (7), and (14) as: 




Now, if we want (3 to be treated as a known parameter in (27) rather than as an 
unknown Lagrange multiplier, and its right-hand side, the total travel cost (Tc^) as 
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unknown output in (27) rather than as known input, we make the following invariant 
Legendre transform to the original Lagrangian in the form: 

Z' = - (Tc°)aZ°/a(Tc°), (28) 



in which the transformed Lagrangian Z' emerges as: 




(29) 

Now, if the transformed Lagrangian is maximised in terms of Tij given the 
values of the parameter j3, the theory of Legendre transforms, enunciated in Lesse 
(1982), indicates that not only are the flows Tij from (29) identical to those (15) to 
(17) from the untransformed objective in (27), but that when these Tij values 
are substituted back into the original constraint on (Tc^), it is perfectly satisfied. 
The transformed model emerging from maximisation of (29) is also identical in 
structure to the base period estimation model (15) to (17), except that now P is a. 
known parameter rather than an unknown Lagrange multiplier. 

At first sight, the above may appear to be a mere intellectual exercise. This 
is assuredly not the case. Having calibrated the parameter /? on the base period 
data in the initial ‘calibration’ problem (11)-(17), the transformed problem (29) 
allows us to project the revised flows at a future period under potentially revised 
trip origins O*, trip destinations D* and travel times . We can also apply the 
Legendre transforms to the quantity constraints, thus truly opening up quantities in 
the projection time period to be endogenous and thus price-responsive (Roy 2004). 

Although the Legendre transforms provide the mathematical formalism to con- 
vert Lagrange multipliers to parameters, we still should assure ourselves that their 
assumed constant value (at least over the short-term) is plausible. The case has 
already been well argued for the gravity impedance parameter /?, which can be 
related to price elasticities of demand. Similarly, transforms with respect to quan- 
tities demanded or supplied can be related to quantity elasticities. Of course, we 
are still left with the same limitations surrounding use of estimated elasticities in 
economics - that is, no large global changes occurring, just large local changes or 
small global changes between the base period and the projection period. 



2.5 Cost efficiency principle and most probable states 

Some of the most rigorous and significant contributions to the area of SI modelling 
have been made by Tony E. Smith, formerly of the founding Regional Science 
Faculty, University of Pennsylvania. One of Smith’s first major efforts was the 
development of a cost-efficiency principle for spatial interaction (Smith 1978). In 
this highly formal paper. Smith aimed to establish a more behavioural and intuitively 
plausible basis for SI modelling. The hypothesis is as follows: “A trip distribution 
P on X is said to satisfy the cost-efficiency principle if and only if for each possible 
(travel) cost configuration c on X and pair of trip patterns consistent with the same 
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trip activity A on X, the pattern with the lowest travel cost is always the most 
probable one”. Based on this definition of the principle, an Equivalence Theorem 
is proved: “A trip distribution P satisfies the cost-efficiency principle if and only 
if P is representable by an exponential gravity model”. A corollary is that ‘All 
activity-equivalent trip patterns with the same total travel cost must be equally 
probable”. Thus, a behavioural basis is provided for the exponential gravity model, 
independent of that implied by the conventional entropy maximisation technique, 
but consistent with its results. 

In Smith (1989), the general interaction model of Alonso (1978) was examined. 
An important result was that the form of Alonso’s model where the total number of 
interactions is exogenous, can be simplified to the following: 

(30) 

where Tij is the number of trips between i and j, ^ is a normalisation parameter, Ai 
and Bj are sets of systemic variables, akin to balancing factors, defined at the origins 
and destinations, respectively, a and /? are positive scalars lying between zero and 
one and the fij are exogenous spatial impedance factors between i and j. The 
Alonso model is shown to be interpretable within the decision theory developed 
in the same paper. Like balancing factors, systemic variables Ai and Bj can be 
interpreted as accessibilities (Hua 1980). Variable Ai is large for origins with a 
short mean trip length and vice-versa. Variable Bj takes on a similar interpretation 
in relation to destinations. Given this property, Fotheringham and Dignan (1984) 
can reinterpret parameters a and j3 as the elasticities of total outflows and inflows 
with respect to the inverse of the mean trip length. They also point out that a and 
/? are strongly influenced by the accuracy of constraints on marginal flow totals, so 
that it may be optimal to use a form of quasi-constrained interaction model in some 
forecasting circumstances where there is uncertainty about marginal flow totals. 

Arguably, Smith’s most recent major personal contribution of relevance to this 
chapter was the formalisation in 1990 of entropy models within the Most Proba- 
ble State (MPS) approach. “The fundamental hypothesis of MPS-analysis is that 
all micro population behaviour is describable probabilistically in terms of certain 
of its macro properties”. In Smith’s terminology, a probabilistic theory of micro 
behaviour (that is, the ‘theory’) is defined as a function of the macro properties 
(e.g., total travel cost), themselves given as functions of the trip variables. The 
chosen macro properties are not selected at random, but are inextricably bound up 
with the theory itself The important results, proved rigorously by Smith, are stated 
qualitatively here: 

• If theory T is true, then we can compute an exact form for the conditional prob- 
abilities of macro states given any observed values of the macro properties. 

• The conditionally most-probable macro states are precisely those which can 
occur in the largest number of ways (as in the entropy microstate approach). 

• If theory T is true, then for all sufficiently large population realisations, the 
maximum entropy state is the overwhelmingly most-probable macro state which 
can occur. 

• Each choice of macro variables constitutes a different theory of micro behaviour. 
For instance, total kinetic energy is defined as a macro property in Boltzmann’s 
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probabilistic equilibrium theory of an ideal gas, lying at the very heart of the 
theory. 

The second to last statement represents a major generalisation of the restricted 
proof in Wilson (1967), which was proved for an entropy model with just one 
constraint, that is, on the total population in the system. Note that, testing of any 
MPS-based probabilistic theory does not require that the samples be statistically 
independent. 

To continue. Smith’s work is of paramount importance in its attempts to gener- 
alise SI models to include microeconomics concepts. For instance, in developing 
a probabilistic model for the supply behaviour of profit-maximising competitive 
firms, profit is the key macro property (Roy 2004). The main results from Evans 
(1973) are adapted to indicate that the results of any classical deterministic theory 
are obtainable as limiting cases of the probabilistic model in which the relations 
of the deterministic theory are introduced as a macro constraint reflecting observa- 
tions. As the entropy (uncertainty) approaches zero, the solution of the probabilistic 
model converges asymptotically towards that of its deterministic counterpart. Thus, 
the work of Smith and Evans is pivotal in introducing microeconomics into the field 
of SI modelling. 



2.6 Spatial structure and spatial interdependencies 

A pervasive interpretation of the ‘gravity impedance’ multiplier (3 in model (15)- 
(17) and its derivatives is that it accounts for the distance decay effect on spatial 
interaction, so that differences in [3 have been ascribed to different preference 
structures brought about by differences in social and economic conditions. Not 
until the early work by Porter (1956), followed by Linneman (1966), Curry (1972), 
Greenwood and Sweetland (1972), Johnston (1973), and others, was it realised 
that such differences might also reflect the locational pattern of flow origins and 
destinations, as well as the spatial distribution of origin and destination attributes. 
The detailed econometric analysis of Canadian joumey-to- work data conducted by 
Griffith and Jones (1980) shows that the rate of distance decay in SI models and 
the spatial structure associated with origins and destinations are interdependent. 
It vindicates the view of Sheppard (1976) that the entropy model (14)-(17) is an 
accurate estimator only if all the pertinent characteristics of the process under study 
are used as prior information. For a spatial structure effect, a spatial autocorrelation 
function can conveniently summarise spatial interdependencies embedded in the 
spatial interaction process. If the one-lag spatial autocorrelation is known a priori, a 
maximum entropy model can be estimated by including autocorrelation as an extra 
constraint. 

Fotheringham and Webber (1980) tackle the underlying spatial structure of SI 
systems from a different angle. With prior information on the spatial autocorrelation 
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of flow attractions, an unconstrained SI model can be formulated as a simultaneous 
equation system: 



Tij = mfM^ exp -pCij (31) 

rui = g{Tij :jeJ) (32) 

Mj = h{Tij lie I), (33) 

where rrii refers to the ‘mass’ of origin Mj is ‘mass’ of destination j, cij is the 
generalised cost of travel between zone i and zone j, a, (3 and 7 are estimable pa- 
rameters, J (/) is the set of destination (origin) zones, and g{h) is a certain function. 
This theory assumes that the system dynamics reach an equilibrium state where in- 
teractions have adjusted to changes in the masses and that the masses have adjusted 
to changes in interaction. Equations (32) and (33) are feedback mechanisms that 
create spatial structure out of interactions in the spatial system. Fotheringham and 
Webber (1980) posit that the specification of functions g and h should be based on 
prior information that is part of the corpus of regional science theory. For instance, 
the theory of growth centres implies that centres spawn export-oriented growth 
through a process that affects other centres in direct relation to their accessibility. 
Thus, in a migration system, the logic of this theory suggests that Equation (32) 
can be specified as follows: 



nii ^ exp pYlj^j exp (pTij, (34) 

where p and (j) are estimable parameters. A far-reaching implication of the theory 
advocated by Fotheringham and Webber (1990) is that spatial interaction and spa- 
tial structure are inextricably and mutually linked through generative processes. 
As Gould (1991) put it, “no connections, no geography” (p. 4). Interestingly, Getis 
(1991) independently discovered that SI models such as (14)-(17) are formally 
equivalent to a broad range of statistics of spatial autocorrelation, which are com- 
monly used to capture the structure embedded in map patterns. Hence SI models 
are clearly positioned to play a crucial role in understanding spatial processes and 
spatial structures. In addition, the unified framework uncovered by Getis (1991) 
paves the way to spatial inference in SI modelling. 

Another approach to incorporating spatial structure in SI models is to “spa- 
tially contextualise” their parameter(s). According to Casetti’s (1972) expansion 
method, parameters of a model designed to capture first-order (or ‘global’) rela- 
tionships are expressed as a linear function of other attributes, including location or 
accessibility, so that trends in parameter estimates can be revealed. Thus, complex 
spatial patterns in flow origins and/or destinations can be explicitly incorporated in 
a SI model. Surprisingly, little use has so far been made of this practical approach 
to SI modelling, except in trade flow analysis (Zhang and Kristensen 1995) and 
interregional migration (Roy 2004). 

As discussed in Fotheringham (1983), when a system with, say, two identical 
retail centres spaced well apart is enhanced by the addition of an identical third 
retail centre, will the relative competitive position of the two existing retailers be 
influenced by alternative location options of the third centre? The conventional 
model would say no! However, what if the third retail centre were located quite 
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close to say centre number 1? If each centre were equally accessible to customers, 
then the conventional model would indicate that addition of the third centre would 
change the market shares from {1/2, 1/2} to {1/3, 1/3, 1/3}, with no effect of the 
proximity of centres 1 and 3 on the relative competitive position of the original two 
centres. 

Intuitively, for this case of identical centres of equal accessibility, one may 
expect the market share of centre 1 to be equally split with that of the new cen- 
tre, leading to shares of {1/4, 1/4, 1/2}! The appreciation of this anomaly and of 
the misspecification of the conventional model gave Fotheringham the incentive 
to develop a new form of SI model called the competing destinations (CD) model 
(Fotheringham 1983, 1986; Fotheringham and Knudsen 1986), which is in some 
sense hierarchical, as given explicitly in Fotheringham (1986). In other words, cus- 
tomers are not only attracted to a particular centre per se, but to the milieu of that 
centre with respect to adjacent centres. In this way, both spatial competition and 
spatial agglomeration influences can be identified. It should also be noted at this 
point, that inspired by Fotheringham’ s 1983 work, Roy (1985) developed via en- 
tropy a hierarchical destination choice or ‘cluster’ model, which shares the structural 
dependence properties of the nested logit random utility model and overcomes the 
Independence from Irrelevant Alternatives (IIA) weakness. In this approach, there 
is a pre-determined nested hierarchical choice between a cluster and then a par- 
ticular destination within that cluster. Fotheringham’s formulation, on the other 
hand, influences the choice of a primary destination by its accessibility to a set of 
alternative secondary destinations. 

In illustrating Fotheringham’s ideas, we turn to his new competing destinations 
retail model presented, for instance, in Fotheringham and Knudsen (1986). In con- 
trast to the conventional retail model in (18), upon defining flows Sij in terms of 
trip origins Oi, floorspace Wj and home-based travel costs Cij, the CD model is 
expressed as: 






OiW^A]exp-l3cijl 



J2w^^A]exp-(3cij 

3 



with the potential measure Aj defined for competing destinations as: 






(35) 



(36) 



where cji represents the unit travel cost between the primary destination j and a 
nearby destination 1. The binary variables dji are unity when destination I lies within 
a pre-specified range of destination j and zero otherwise. The introduction of the 
‘competing destinations’ potential terms Aj distinguishes the new model from the 
conventional model in (18). A positive value of the scaling index 7 demonstrates the 
presence of consumer agglomeration economies, with a negative value indicating 
the presence of consumer competition or congestion forces. 

Today, the CD model is grounded in behavioural and cognitive theories backed 
by extensive empirical work. It derives from principles of utility maximisation 
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under the constraint that individuals resort to simplifying information processing 
strategies due to their limited ability to process the large amounts of information that 
reach them in typical spatial choice situations. Fotheringham’s (1988) contention is 
that a hierarchical processing strategy is the most likely, whereby choice alternatives 
are perceived in clusters according to their similarity. Thus, the probability that 
an alternative is in the individual’s choice set is a function of the similarity of 
this alternative to all other alternatives under consideration. It should be pointed 
out that similarity among alternatives is not only to be conceived in geographical 
space, but also in the space of non-locational attributes of destinations. Various 
formulations have been devised, ranging from the gravity accessibility measure 
mentioned earlier, to a Manhattan distance measure (Borgers and Timmermans 
1987, 1988), to a Pearson correlation coefficient (Meyer and Eagle 1982). All these 
approaches purport to account for substitution effects among alternatives, thus 
avoiding the IIA fallacy so pervasive in discrete choice modelling. 

The spatial choice foundation of the CD model implies that SI behaviour may 
involve constraints and restrictions on the size and composition of the choice sets. 
In essence, constraints of various sorts define a range of feasible options within 
the universe of possible destinations. As discussed by Sheppard (1980) and Thill 
(1992), a constraint-oriented approach to SI modelling is desirable on two counts 
at least. On the one hand, an erroneous interpretation of interaction behaviour may 
ensue from the failure to account for constraints on the formation of choice sets. The 
model explains interaction flows in terms of deliberate decisions, whether or not 
they are the product of the structure of the choice sets. Furthermore, misspecified 
choice sets lead to biased model estimates (Pellegrini et al. 1997; Thill and Horowitz 
1997a). Most of the research to alleviate choice-set definition problems has focused 
on the implicit definition of choice sets, as in the CD model or the Approximate 
Nested Choice-Set Destination Choice (ANCS-DC) model proposed by Thill and 
Horowitz (1997b). 

The competing destinations modelling structure clearly represents a great ad- 
vance in recognition of interdependencies in spatial choice. It is also supported by 
a great deal of empirical work. Interestingly, the approach advocated by Fothering- 
ham to handle substitution and complementarity relationships among flow destina- 
tions can also account for interdependencies created by multi-purpose and multi- 
stop travel. As indicated by Thill (1995), the potential measure Aj in (36) can be 
recast into: 



Aj = J2Micjfdji (37) 

1^3 

where Mi measures the attractiveness of destination I for purposes other that the 
one being analysed, while other notation is as defined above. Although the analysis 
of multi-purpose and multi-stop activities within the CD modelling framework 
remains to be fully formalised, a related attempt is made in Chapter 1 of Roy 
(2004). 
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2.7 Neural networks and complex flow systems 



Over the past two decades, a variety of techniques of evolutionary computation 
and artificial life have permeated regional science research to grasp more fully the 
inherent complexity of many spatial and regional systems. Openshaw (1993) argued 
that the mapping function of SI models between propulsiveness, attractiveness, and 
spatial impedance, on the one hand, and flows, on the other hand, can be built into 
supervised artificial neural networks such as the feed-forward back-propagation 
network. Empirical results reported by Openshaw (1993), Fischer and Gopal (1994), 
Fischer et al. (1999), Reggiani and Tritapepe (2002), and others leave no doubt that 
neural network models may out-perform conventional SI models in many cases. 
However, the limits of entropy-type models have still not been reached. 

Artificial neural networks are based on an analogy with the workings of the 
brain. As such, they are composed of a number of elements whose function is to 
process and pass along information to other elements. Multiple parameters associ- 
ated with these elements are estimated iteratively in parallel, following rather well 
established optimisation routines. 

Because neural networks make no assumptions on the form or distributional 
properties of interaction data and predictors, they can be viewed as non-parametric 
methods. This has a significant advantage over conventional SI models in that spatial 
interaction can be modelled even when the only data available are explicitly noisy 
or statistically ill-conditioned. Neural SI models also offer greater representational 
flexibility than many existing entropy-based models and, very much in the spirit of 
exploratory data analysis, relax many constraints on possible model designs. As in 
Sen and Smith ( 1 995), they are consistent with the modelling philosophy of fitting an 
appropriate model to data, rather than forcing data into an assumed model structure. 
Thus, the potential exists for incorporating spatial interdependencies explicitly into 
the network representation, although this remains to be implemented. 

Neural SI models come in a large variety of architectures (number of layers, 
number of elements, degree of connectivity, etc.), and involve multiple mathemat- 
ical specifications of transfer functions and estimation procedures. Suffice it to say 
here that the generic unconstrained model is: 



Tij = ^ 



■ H 

Ih Vh iPhiPi + 0h2aj + PhsCij) 

.h=0 



(38) 



where Tij is the output (flows from zone i to zone j), pi (propulsiveness of i), 
Oj (attractiveness of j), and Cij (travel cost from i to j) are the inputs, H is the 
number of hidden elements, 7 s and /3s are parameters, and ^ and 0 are transfer 
functions often taken to be sigmoid. While a common criticism of model (38) is 
that it is no more than a black box, it is clear that a better understanding of the inner 
workings of the model makes for better and richer SI models. In this perspective, it 
can be noted that singly constrained models can be derived from (38) by imposing 
accounting flow constraints ex post (Mozolin et al. 2000; Thill and Mozolin 2000). 
Alternatively, constraints can be built into the model to produce a one-stage model 
(Fischer et al. 2003). The notion of preset model architecture can be questioned and 
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the architecture best suited to a particular SI situation can be inferred by genetic 
algorithms. 

A final comment on neural SI models is in order. Recent work by Mozolin et 
al. (2000) and Thill and Mozolin (2000) indicates that, in spite of their good pre- 
diction of base-year data, commonly used feed-forward back-propagation models 
may be inferior to conventional constrained models estimated by maximum likeli- 
hood when it comes to transferability through time. If corroborated, this research 
invalidates this approach as a long-term planning tool. More research is needed to 
single out the causes of, and remedies for, this deficiency. 



3 The future 

After the path-breaking formalisation of SI models by Wilson (1967, 1970), Evans 
(1973) demonstrated the fundamental asymptotic character of the approach, pro- 
viding a link to the deterministic theory implied by the behavioural constraints. 
Fisk and Brown (1975) and Roy and Lesse (1981) identified alternative forms of 
entropy for alternative decision contexts, freeing the models from the limited set of 
functional forms introduced by Wilson. Most importantly, the entropy formulation 
was generalised to the Most Probable State (MPS) approach by Smith (1990), not 
only demonstrating the most-probable result for all constrained models in cases 
of large populations as overwhelmingly the most probable, but also classifying the 
behavioural constraint of the model as the fundamental relation of the theory being 
tested. Lesse (1982) showed how the Lagrange multipliers on the model constraints 
can be transformed into parameters when the models are to be used in projection. 
At about the same time, Fotheringham (1983, 1986) was able to free the simpler 
SI models from the naive IIA restriction by incorporating spatial interdependen- 
cies in a quasi-hierarchical framework. Progress was meanwhile being made on 
formulation and implementation of discrete choice models of individual behaviour. 
There should be no “black and white” comparison of such models with SI models - 
each has its own appropriate application context. Finally, Roy (2004) has attempted 
to draw some of these threads together to provide a more coherent whole. At the 
same time, as mentioned recently by Smith (private communication), “It does little 
good to know what the overwhelmingly most probable response to a given policy 
will be unless this can be translated into actual confidence bounds on key response 
variables”. We can be heartened in this endeavour by the intimate links between 
entropy models and maximum likelihood models, established very early (Karlqvist 
and Marksjo 1971). It should be possible to exploit the recent large amount of work 
done on error analysis for maximum likelihood to establish the confidence bounds, 
which Smith has mentioned. At the same time, the links with spatial autocorrelation 
models (Getis 1991) should be further explored. 

Some of the latest SI research has evidenced that there is room for further en- 
hancing our modelling of spatial interaction. Several approaches are now available 
to incorporate the effects of spatial structure and spatial interdependencies either in 
the form of modifications to existing models or of entirely new models. Certainly 
our ability to develop these new avenues is limited by our knowledge of spatial 
patterns embedded in SI data. In this respect, techniques of exploratory spatial data 
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analysis, as in Tobler (1975) and Marble et al. (1997), should prove useful in in- 
ducing hypotheses on local patterns in spatial interaction, which in turn will enrich 
SI theory. 

Another very promising research direction is that entailing computational sys- 
tems. The past decade of research along this line has established it as a viable 
framework for SI analysis. It has involved a lot of trial and error, as well as learning 
the extreme flexibility of geo-computational methods. Research currently underway 
will lead to a clearer methodology for their valid application to SI analysis. Their 
inherent flexibility supports the emergence of hybrid models incorporating many 
elements from modelling traditions rooted in behavioural theory and the entropy 
principle. 
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Abstract. This article identifies some of the important developments in GIS and 
spatial data analysis since the early 1950s. Although GIS and spatial data analysis 
started out as two more or less separate areas of research and application, they have 
grown closer together over time. We argue that the two areas meet in the field of 
geographic information science, with each supporting and adding value to the other. 
The article starts off providing a critical retrospective of developments over the past 
50 years. Subsequently, we reflect on current challenges and speculate about the 
future. Finally, we comment on the potential for convergence of developments in 
GIS and spatial data analysis under the rubric of geographic information science 
(GIScience). 
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1 Introduction 

We take as our starting point the state of geographic information systems (GIS) and 
spatial data analysis 50 years ago when regional science emerged as a new field 
of enquiry. In the late 1950s and 1960s advances in computing technology were 
making possible forms of automated cartography that in due course would lead to 
the development of GIS. Although few would have imagined at that time that the 
complex graphic content of maps was amenable to processing by number-crunching 
computers - and that any purpose could be served by doing so - the development 
of scanners and plotters in the 1960s, along with rapid advances in software, began 
to open exciting possibilities, even at that very early stage in the development of 
computing (Foresman 1998; Maguire et al. 1991). 
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At the same time, pioneering work was taking place in the fields of mathemat- 
ics and statistics, which would be fundamental to the development of spatial data 
analysis. The seminal paper by Whittle (1954) extended autoregressive models, fun- 
damental in analysing variation in time series (Kendall 1976) to spatial data. This 
group of spatially autoregressive models was among the first to appear in the statis- 
tics literature for formally representing spatial variation. At least for some types 
of data, it now became possible to go beyond simply testing for spatial autocorre- 
lation. The earliest statistics (Geary 1954; Krishna Iyer 1949; Moran 1948, 1950) 
tested the null hypothesis of no spatial autocorrelation (no spatial structure) against 
a non-specific alternative hypothesis. With Whittle’s paper it now became possible, 
at least for regular lattice data, to specify the form of the alternative hypothesis (that 
is, to specify a formal representation of certain types of spatial structure), test for 
model significance, and assess goodness of fit to the data. 

More or less simultaneously with these developments in England, Matheron 
in France and his school in the mining industry were developing the method of 
“kriging” after the South African D.G. Krige (Matheron 1963). This work extended 
Wiener-Kolmogorov stochastic-process prediction theory to the case of spatial pro- 
cesses defined on continuous geographic space. This work was undertaken to meet 
the very practical needs of the mining industry in predicting yields from mining on 
the basis of scattered (opportunistic) sampling. In due course this developed into 
the field of geostatistics. 

The third area that was to become one of the main cornerstones of spatial statis- 
tics was point process theory. By the 1950s many distance-based and quadrat-based 
statistics had been developed to test for spatial randomness in a point pattern with 
applications in forestry and ecology. Work by Greig-Smith (1952) extended quadrat- 
count statistics to examine several scales of pattern simultaneously. However as yet 
there was no equivalent development in point process theory to correspond to Whit- 
tle’s in the area of lattice data. 

This article discusses some of the key developments in these areas and the 
evolution of geographic information science as a unified field that draws upon 
GIS and the methods of spatial statistics as an essential theoretical underpinning 
to spatial data analysis. The growth of any science depends on several conditions 
being met. First, there must be good-quality data available. Second, there must be 
well-formulated hypotheses that can be formalised mathematically, so that they 
can be subject to empirical testing. Third, there must be a rigorous methodology 
that enables the analyst to draw valid inferences and conclusions from the data in 
relation to the questions asked. This includes the ability to formulate models that 
can then be used to test hypotheses on parameters of interest. The final condition is 
the availability of a technology that permits research to be undertaken practically 
and to acceptable standards of precision. 

The evolution of geographic information science (GIScience; Duckham et al. 
2003; Goodchild 1992) owes much to developments in GIS and the field of spa- 
tial data analysis. Research into GIS has advanced our technical ability to handle 
spatially referenced data. In addition it has stimulated reflection on the relationship 
between what might be loosely termed “geographic reality” and the conceptuali- 
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sation and representation of that reality in finite digital forms, that is, as countable 
numbers of points, lines, and areas in two-dimensional space. 

Spatial data analysis is concerned with that branch of data analysis where the 
geographical referencing of objects contains important information. In many areas 
of data collection, especially in some areas of experimental science, the indexes that 
distinguish different cases can be exchanged without any loss of information. All the 
information relevant to understanding the variation in the data set is contained in the 
observations and no relevant information is contained in the indexing. In the case of 
spatial data the indexing (by location and time) may contain crucial information. A 
definition of spatial analysis (of which spatial data analysis is one element) is that 
it represents a collection of techniques and models that explicitly use the spatial 
referencing of each data case. Spatial analysis needs to make assumptions about 
or draw on data describing spatial relationships or spatial interactions between 
cases. The results of any analysis will not be the same under re-arrangements of 
the spatial distribution of values or reconfiguration of the spatial structure (Chorley 
1972; Haining 1994). 

GIS and spatial data analysis come into contact, so to speak, at the spatial data 
matrix. At a conceptual level, this matrix consists of rows and columns where rows 
refer to cases and columns refer to the attributes measured at each of the cases, and 
the last columns provide the spatial referencing. At the simplest level, there might 
be two last columns containing a pair of coordinates: latitude and longitude, or x 
and y in some projected coordinate system. But today database technology allows a 
single conceptual column to contain a complex representation of the case’s spatial 
geometry or shape. 

This conceptual matrix is but a slice through a larger cube where the other 
axis is time. At a practical level, the spatial data matrix is the repository of the data 
collected by the researcher. In practical terms the structure and content of the matrix 
is the end product of processes of conceptualisation and representation by which 
some segment of geographical reality is captured. It is in one sense the output of a 
process of digitally capturing the world. In another sense, the matrix is the starting 
point or input for the spatial data analyst. 

Those principally concerned with data analysis need to give careful consider- 
ation to how well the data matrix captures the geographic reality underlying the 
problem and the implications (for interpreting findings) of representational choices. 
The question of what is missing from the representation - the uncertainty that the 
representation leaves in the mind of its users about the world being represented 
(Zhang and Goodchild 2002) - may be as important as the content in some applica- 
tions. By the same token those principally concerned with the digital representation 
of geographical spaces need to be aware of the power of statistical methodology to 
reveal useful data insights and understandings if data are made available in appro- 
priate forms and subject to appropriate methods of analysis. 

This article identifies some of the important developments in GIS and spatial 
data analysis since the early 1950s. The two started out as rather separate areas of 
research and application but have grown closer together. It is at least arguable that 
they meet in the field of GIScience, with each supporting and adding value to the 
other. In Sect. 2 we provide a historical perspective of developments over the past 
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50 years. In Sect. 3 we reflect on current challenges and speculate about the future. 
Finally, in Sect. 4 we comment on the potential for convergence under the rubric 
of GIScience 



2 A critical retrospective 

2.7 GIS 

2.1.1 Early motivations 

The early growth of GIS occurred in several essentially disparate areas, and it was 
not until the 1980s that a semblance of consensus began to emerge. Perhaps the 
most important of the motivations for GIS were: 

• The practical difficulty and tedium of obtaining accurate measurements from 
maps, and the simplicity of obtaining such measurements from a digital repre- 
sentation. Specifically, measurement of area became a major issue in conducting 
inventories of land, and led the Government of Canada to make a major invest- 
ment in the Canada Geographic Information System beginning in the mid 1960s 
(Tomlinson et al. 1976). 

• The need to integrate data about multiple types of features (census tracts, traffic 
analysis zones, streets, households, places of work, etc.), and the relationships 
between them, in large projects such as the Chicago Area Transportation Studies 
of the 1960s. 

• The practical problem of editing maps during the cartographic production pro- 
cess, leading to the development of the first computerised map-editing systems, 
again in the 1960s. 

• The need to integrate multiple layers of information in assessing the ecologi- 
cal impacts of development projects, resulting in efforts in the early 1970s to 
computerise McHarg’s overlay method (McHarg 1992). 

• The problems faced by the Bureau of the Census in managing large numbers of 
census returns, and assigning them correctly to reporting zones such as census 
tracts. 

By the early 1970s the research community was beginning to see the benefits 
of integrated software for handling geographic information. As with any other in- 
formation type, there are substantial economies of scale to be realised once the 
foundation for handling geographic information is built, since new functions and 
capabilities can be added quickly and with minimal programming effort. The first 
commercially viable GIS appeared in the early 1980s, as the advent of the minicom- 
puter made it possible to acquire sufficient dedicated computing power within the 
budget of a government department or firm, and as relational database management 
software obviated the need to construct elaborate data-handling functions from first 
principles. 

The economies of scale that underlie the viability of commercial GIS also im- 
pose another important constraint: the need to address the requirements of many 




GIS and spatial data analysis 



367 



applications simultaneously, and to devote the greatest attention to the largest seg- 
ments of the market. Spatial data analysis may be the most sophisticated and com- 
pelling of GIS applications, but it is by no means the most significant commercially 
(Longley et al. 2001). Instead, the modal applications tend to be driven by the much 
simpler needs of query and inventory. In utilities management, for example, which 
has become among the most lucrative of applications, the primary value of GIS 
lies in its ability to track the locations and status of installations, rather than to 
conduct sophisticated analysis and modelling. Applications of GIS to scientific re- 
search have always had to compete with other demands on the attention of system 
developers, and while this might be seen as beneficial, in the sense that spatial data 
analysis does not have to pay the full cost of GIS development, it is also undoubtedly 
detrimental. 



2.1.2 Early missteps 

From the point of view of spatial data analysis, it is easy to identify several early 
decisions in the design of GIS that in hindsight turn out to have been misguided, 
or at least counter-productive. In the spirit of a critical review, then, this section 
examines some of those missteps. 

First, GIS designs typically measure the locations of points on the earth’s surface 
in absolute terms, relative to the earth’s geodetic frame, in other words the Equator 
and the Greenwich Meridian. This makes good sense if one assumes that it is 
possible to know absolute location perfectly, and that as measuring instruments 
improve the accuracy of positions in the database will be enhanced accordingly. 
Two fundamental principles work against this position. First, it is impossible to 
measure location on the earth’s surface perfectly; and relative locations can be 
measured much more accurately than absolute locations. Because of the wobbling 
of the earth’s axis, uncertainty about the precise form of the earth, and inaccuracies 
in measuring instruments it is possible to measure absolute location to no better than 
about 5 m. But it is possible to measure relative locations much more accurately; 
the distance between two points 10 km apart is readily measured to the nearest 
cm, using standard instruments. In hindsight, then, it would have been much more 
appropriate to have designed GIS databases to record relative locations, and to have 
derived absolute locations on the fly when necessary (Goodchild 2002). 

Second, and following directly from the previous point, the GIS industry has 
been very slow to incorporate methods for dealing with the uncertainty associated 
with all aspects of GIS. The real world is infinitely complex, and it follows that it 
is impossible to create a perfect representation of it. Zhang and Goodchild (2002) 
review two decades of research into the measurement, characterisation, modelling, 
and propagation of uncertainty. Yet very little of this research has been incorporated 
into commercial products, in part because there has been little pressure from users, 
and in part because uncertainty represents something of an Achilles’ heel for GIS, 
a problem that if fully recognised might bring down the entire house of cards 
(Goodchild 1998). 

Third, the relational database management systems (RDBMS) introduced in 
the early 1980s provided an excellent solution to a pressing problem, the need 
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to separate GIS software from database management, but the solution was only 
partial. In the hybrid systems that flourished from 1980 to 1995 the attributes of 
features were stored in the RDBMS, but the shapes and locations of features had 
to be stored in a separate, custom-built database that was unable to make use of 
standard database-management software. The reason was very simple: the shapes 
of features could not be defined in the simple tabular structure required by an 
RDBMS. It was not until the late 1990s that the widespread adoption of object- 
oriented database management systems in preference to RDBMS finally overcame 
this problem, and allowed all of the data to be addressed through a separate, generic 
database-management system. 



2.1.3 Two world views 

Many of the roots of GIS lie in mapping, and the metaphor of the map still guides GIS 
design and application. But many of the applications of interest to regional scientists 
and other researchers are not map-like, and in such cases the metaphor tends to 
constrain thinking. GIS works well when applied to static data, and less well when 
called upon to analyse time series, detailed data on movement, or transactions. It 
works well for two-dimensional data, and less well when the third spatial dimension 
is important. We expect maps to provide a complete coverage of an area, and GIS 
technology has not been adapted to deal with cases where substantial quantities of 
data are missing. 

The emphasis in GIS on knowledge of the absolute positions of cases and 
their precise geometry is appropriate for mapping, but for many applications in the 
social sciences it is relative position or situation that is important. Many theories 
about the operation of social or economic processes in space are invariant under 
relocation, reflection, or rotation, though not under change in relative position. 
Many methods of spatial statistics or spatial analysis are similarly invariant under a 
range of spatial transformations, and require only knowledge of a matrix of spatial 
interactions between cases, not their exact coordinates. Conveniently, the literatures 
of both spatial interaction and social networks use the symbol W for the interaction 
matrix. In the spatial case, the elements of W might be set equal to a decreasing 
function of distance, or to a length of common boundary, or might be set to 1 if the 
cases share a common boundary, and 0 otherwise. 

As an expression of spatial relationships the W matrix is compact and con- 
venient. The GIS, with its vastly more complex apparatus for representing spatial 
properties, is useful for calculating the elements of W from distances or adjacen- 
cies, and for displaying the results of analysis in map form. However the actual 
analysis can occur in a separate set of software that needs to recognise only the 
square W matrix of interactions and the normally rectangular spatial data matrix 
discussed above in Sect. 1 . In recent years much progress has been made using this 
concept of coupling analysis software with GIS. 

In essence, the GIS and the W matrix reflect two distinct world-views, one 
providing a complete, continuous representation of spatial variation, and the other 
providing a much more abstract, discrete representation. In this second world-view 
the concern for precise representation of absolute position that has characterised 
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the development of GIS is important only for data preparation and the mapping of 
results. 



2. 1 .4 Infrastructure for data sharing 

The Internet explosion of the late 1990s produced a substantial change of perspec- 
tive in GIS, and redirected much of the development effort in the field. In the US, 
the federal government has traditionally been the primary source of geographic 
information, and under US law such data have the characteristics of a public good, 
freely sharable without copyright restriction. Since 1995, the GIS community has 
made a massive investment in infrastructure to support the rapid and easy shar- 
ing of geographic information, and today there are on the order of petabytes of 
geographic information readily available, free, on numerous Web sites (for ex- 
ample, see the Alexandria Digital Library, http://www.alexandria.ucsb.edu). New 
standards have been developed by the US Federal Geographic Data Committee 
(http://www.fgdc.gov) and the Open GIS Consortium (http://www.opengis.org) for 
data formats, for the description of data {metadata), and for communication. New 
technologies have been developed to allow GIS users to interact with remote Web 
sites transparently through client software, removing any need to transform data in 
response to differences in format, projection, or geodetic datum. 

A parallel effort was under way much earlier in the social sciences, through 
organisations such as the UK’s Essex Data Archive, or the University of Michi- 
gan’s Inter-university Consortium for Political and Social Research. Sophisti- 
cated methods have been developed for describing matrices of data, many of 
which include spatial information. The Data Documentation Initiative (DDI) 
http://www.icpsr.umich.edu/DDI/ is an international effort to define a metadata 
standard for social data, and efforts are now under way to integrate it with the 
metadata standards for GIS data, to allow researchers to search for both types 
simultaneously. 



2.1.5 The current state of GIS 

GIS is today a multi-billion-dollar industry, with billions being spent annually on 
data acquisition and dissemination, software development, and applications. It has 
penetrated virtually all disciplines that deal in any way with the surface or near- 
surface of the earth, from atmospheric science through oceanography to criminol- 
ogy and history. Tens of thousands take courses in GIS each year, and millions are 
exposed to GIS through such services as Mapquest (http://www.mapquest.com). 
Millions more make use of the Global Positioning System and simple devices to 
navigate. 

The object-oriented approach now dominates GIS data modelling. Its first prin- 
ciple is that every feature on the earth’s surface is an instance of a class, and its 
second is that classes can be specialisations of more general classes. The authors, 
for example, are instances of the class male human beings, which is a specialisation 
of the more general class human beings. In turn human beings can be regarded as 
part of a hierarchy of increasing generality: mammals, vertebrates, animals, and 
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organisms in that order. Specialised classes inherit all of the properties of more 
general classes, and add special properties of their own. 

GIS permits a vast array of operations based on this approach to representation. 
Most published methods of spatial analysis can be found implemented in the stan- 
dard products of commercial GIS vendors, or in the extensions to those products 
that are offered by third parties. A variety of GIS products and extensions are also 
available as open software or freeware, through academic and other organisations 
and communities. The GIS industry has recently adopted component-based ap- 
proaches to software, by breaking what were previously monolithic packages into 
aggregations of re-usable components. This has enormous advantages in the inte- 
gration of GIS with other forms of software that use the same standards, particularly 
packages for statistical analysis (lingerer and Goodchild 2002). 

Much progress has been made in recent years in supporting the representation 
of variation in space-time, and in three spatial dimensions. But in one respect the 
shift to industry-standard object-oriented modelling has failed to address several 
very important forms of geographic data. While the concept of discrete objects is 
clearly appropriate for human beings, vehicles, buildings, and manufactured ob- 
jects, it is much less compatible with many phenomena in the geographic world 
that are fundamentally continuous: rivers, roads, or terrain are obvious examples. 
In social science, we tend to think of population density as a continuously varying 
field, expressed mathematically as a function of location, and similarly many other 
social variables are better conceived as fields (Angel and Hyman 1976). Fields can 
be represented in GIS, but only by first attributing their variation to a collection 
of discrete objects, such as sample points, or stretches of street between adjacent 
intersections, or reporting zones. In the last case the consequences of attributing 
continuous variation to arbitrary chunks of space are well documented as the modifi- 
able areal unit problem (Openshaw 1983). As long as object-orientation remains the 
dominant way of thinking about data in the computing industry and in GIS, social 
scientists will have to wrestle with the artefacts created by representing continuous 
variation in this way. 



2.2 Progress in spatial data analysis 

The review of progress in spatial data analysis since the early 1950s is divided 
into two parts. First we review developments in the statistical theory for analysing 
spatial data. This is followed by a review of new techniques and methods. One 
aspect of the progress made has been in the emergence of new fields of application, 
which we review in Sect. 3 in the context of the future development of spatial data 
analysis. 

2.2. 1 Development of theory 

An overview of the theory for analysing spatial data in the late 1 960s and early 1 970s 
would have shown that developments up to then had been rather patchy. There were 
no books which brought together advances in the field and tried to present them 
within a broader theoretical framework. There was no field of spatial statistics as 
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such, although the term spatial analysis had entered the geographical literature 
(Berry and Marble 1968). The closest to such an overview text was Matem’s 1960 
monograph Spatial Variation (Matem 1986). This situation stood in stark contrast 
to the analysis of time-series data where several major theoretical texts existed 
(Anderson 1971; Grenander and Rosenblatt 1957; Kendall 1976; Wold 1954), as 
well as econometrics texts that dealt with the analysis of economic time-series 
(Johnston 1963; Malinvaud 1970). In most texts and monographs, if the analysis 
of spatial data was mentioned, coverage was usually sparse - with the exception of 
Bartlett’s 1955 monograph Stochastic Processes. 

It was Bartlett’s early work that was to provide the basis for a new class of 
spatial models for area data that were developed in the seminal paper by Besag, 
which appeared in 1974. Models were developed that satisfied a two-dimensional 
version of the Markov property - the property that underlay many of the important 
models for representing temporal variation. As a result of Besag’s paper it was 
possible to specify a general class of spatial models for discrete- and continuous- 
valued variables defined in two-dimensional space. 

We illustrate the difference between Whittle’s and Besag’s classes of models 
using the case of observations (2:(1), . . . ,z{T)) drawn from a normal distribution, 
generalising the discussion to the case of an irregular areal system (like census tracts 
in a city). The spatial Markov property underlying Besag’s models generalises the 
(first order) Markov property in time-series modelling. The Markov property in 
time (t) states that only the most recent past determines the conditional probability 
of the present, or: 

Prob{Z(7) == z{t)\Z{l) = z(l), ..., Z{t — 1) = z{t - 1)} = 

Prob{Z(f) = z{t)\Z(t — 1) = z(t — 1)} (2.1) 

where Prob{ } denotes probability. Time has a natural ordering. The analogue to 
(2.1) for spatial data is based on defining a graph structure on the set of spatial units. 
For each area (or site) a set of neighbours is defined that may be, for example, all 
areas which share a common boundary with it or whose centroids lie within a given 
distance of the area’s centroid. So the analogue to (2.1) is: 

Prob{Z(z) = z{i)\{Z{j) = z{j)],j e DJ ^i} = 

Prob{Z(i) = z{i)\{ZU) = z{j)]J e N{i)} (2.2) 

where D denotes the set of all areas (or sites) in the study region and N{i) denotes 
the set of neighbours of site i. 

In spatial analysis this has been called the conditional approach to specifying 
random field models for regional data. Equation (2.2) and higher-order generalisa- 
tions provide the natural basis for building spatial models that satisfy a spatial form 
of the Markov property (Haining 2003). 

A multivariate normal spatial model satisfying the first order Markov property 
can be written as follows (Besag 1974; Cressie 1991, p. 407): 
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and 



Nzi[Z{i) = z{i)\{Z{j) = z{i)}j^N(i)}\^ (^{if i = l,...,n (2.3) 

where fc(i, z) = 0 and /c(i, j) = 0 unless j G N{i). This is called the autonormal 
or conditional autoregressive model (CAR model). Unconditional properties of the 
model are, using matrix notation: 

E[Z] = /X and Cov[(Z - m), (Z - nf] = (I - K)-iM. (2.4) 

where E[ ] denotes expected value and Cov[ ] denotes the covariance. K is the n 
by n matrix {fc(z, j)} and = (/z(l), •••, /i(n))^. K is specified exogenously. M 
is a diagonal matrix where m(i, i) — cr(i)^. Because (I — K)”^M is a covariance 
matrix, it must be symmetric and positive definite. It follows that fc(z, j)cr(j)^ = 
i)cr(i)^. Note that if the conditional variances are all equal then k(i,j) must 
be the same as fc(j, i). 

If the analyst of regional data does not attach importance to satisfying a Markov 
property (Haining 2003), then another option is available called the simultaneous 
approach to random-field model specification. It is this approach which Whittle 
developed in his 1954 paper, and it can be readily generalised to irregular areal 
units. Let e be independent normal IN(0, cr^I) and e(z) is the variable associated 
with site z(= 1, ..., n). Define the expression: 

Z{i)=ii{i)+ s{i,j)[Z{j) - fi{j)]+e{i) i = (2.5) 

jeNii) 

where s{i,i) = 0. Although it is not a requirement that s(z, j) = s{j, i), in prac- 
tice this assumption is often made (Cressie 1991, p. 410). Let S denote the n by 
n exogenously specified matrix {s(i, j)}. This is again based on specifying the 
neighbours of each site. Again let /x = (/z(l), . . ., /x(n))^. Then for (2.5): 

E[Z] = PL and Cov[(Z - ^), (Z - pif] = a^(I - S)“^(I - 8^)"^ (2.6) 

The 1970s and early 1980s was a period that saw further significant advances in 
what was becoming known as spatial statistics. Cressie (1991) wrote that in the case 
of spatial point pattern analysis “a turning point for the modem development of the 
field was the article by Ripley (1977)”. Ripley proposed the use of the K function, 
a descriptive and modelling tool for point process data that had originally been 
suggested by Bartlett. The power of the K function is that it provides a description 
of a point pattern (random, regular, or clustered) at a range of scales. The K function 
can be used to fit properly specified spatial models to point data. 

A^(A), the number of points in an area A, provides the natural basis for analysing 
point processes, and the covariance between N {A) and N{B) for two areas (A and 
B) can be reduced to a non-negative increasing function: 

K{d) — A~^E[number of additional points < 

distance d of a randomly chosen point] (2.7) 
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where A is the density of points (the number of points per unit area) and E[.] denotes 
the expected value of the expression in square brackets. 

Ignoring edge effects introduced by the boundary of A, the estimator of the K 
function (2.7) for any distance d is: 

^ IM,m)] ( 2 . 8 ) 

I m{^l) 

where |A| is the area of the study region. /d(c^z,m) is the indicator function and 
scores one if the distance between points I and m is less than or equal to d, 0 
otherwise. The term (2.8) in square brackets is the average number of additional 
cases within distance d of an observed case, where the average is computed over 
all cases. The estimator of the density parameter A is the number of cases n divided 
by the area of the study region |A|. A weighting function needs to be introduced on 
the indicator function to correct for edge effects (Gatrell et al. 1996, pp. 262-263). 
The significance of peaks and troughs on the plot of {K{d)^ d} can be established 
by Monte Carlo simulation. 

The early 1980s saw the appearance of a monograph that revealed the shape 
of the newly emerging field. Ripley’s (1981) book Spatial Statistics provided an 
overview of the field, which included advances in geostatistics. The treatment of 
geostatistics was included in a chapter on spatial smoothing and spatial interpola- 
tion. The importance of this area and the wider significance of Matheron’s work 
beyond the interests of geologists and mining engineers became clear as the field of 
automated mapping itself began to expand. Another significant monograph at this 
time was Diggle’s (1983) book on point pattern analysis. This linked the K func- 
tion for describing point pattern structure with models for representing point pattern 
variation, allowing it to be used to test specific spatial hypotheses. The S toy an et 
al. (1987) monograph dealt with point processes and stochastic geometry. 

In 1991 the publication of Cressie’s 900-page work Statistics for Spatial Data 
heralded the last time a statistician has provided an overview of the whole field. 
His text includes methods and models for analysing geostatistical data, lattice data 
(including the models of Whittle and Besag), point and object pattern data. 

2.2.2 Development of specific techniques 

As noted in Sect. 1, among the earliest spatial analysis techniques were those devel- 
oped for testing for spatial autocorrelation on regular lattices. For regional science 
dealing usually with data on irregular areal units this meant the tests were of limited 
value. Cliff and Ord (1973, 1981) pioneered the development of tests for spatial 
autocorrelation on irregular areal units, generalising the earlier tests and examining 
in detail the associated inference theory. In many areas of non-experimental (or 
observational) science data have higher levels of uncertainty associated with their 
measurement than in the case of experimental science. Cressie (1984) introduced 
techniques for resistant spatial analysis in geostatistics, that is techniques that were 
more robust (than traditional methods) to data errors and outliers. He also devel- 
oped methods that could be used to highlight possible errors in spatial data sets. 
Haining (1990) extended several of Cressie’s methods to area data. 
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Many of the early methods of point pattern analysis were limited in the extent 
to which they could be applied because the underlying space across which events 
might occur homogeneous. Many of the early methods were developed in ecology 
to study plant distributions across a study area. But to study clustering of disease 
cases, for example, or offence patterns it is necessary to allow for inhomogeneity 
in the distribution of the population at risk. Diggle and Chetwynd (1991) used K 
functions to develop a test for the clustering of cases in an inhomogeneous point 
pattern. It is a test of the hypothesis of random labelling of (disease) cases in a 
spatially distributed population. 

Many of the techniques of spatial analysis have emphasised the average prop- 
erties present in spatial data. The tests for clustering or spatial autocorrelation 
described above provide evidence relating to what are termed whole-map proper- 
ties. In the 1990s, there was interest in developing localised tests that recognise 
the heterogeneity of map properties across the study area. In addition to tests for 
clustering (a whole-map property) that can test the hypothesis as to whether cases 
of a disease tend to be found together, tests to detect the presence of (localised) 
clusters are needed. Tests for the presence of clusters may give evidence of where 
local concentrations are to be found which in turn can be used to focus effort on 
the extent to which local conditions might be responsible for the raised occurrence. 
Testing for clusters (Besag and Newell 1991; Openshaw et al. 1987; Kulldorff and 
Nagarwalla 1995) raise problems such as pre-selection bias and the effects of mul- 
tiple testing, which need to be handled in order to construct a reliable inference 
theory. Other localised testing procedures include Anselin’s (1995) local indicators 
of spatial association, or LISAs, that test for localised structures of spatial autocor- 
relation. These numerical methods have been complemented by the development 
of visualisation methods for spatial data (Haining 2003). The interaction of scien- 
tific visualisation methods with advances in automated cartography and GIS has 
been one of the dynamic areas of spatial analysis in the 1990s (MacEacheren and 
Monmonier 1992). The challenge has been to move away from seeing maps purely 
as end products of a programme of research and hence only used to display find- 
ings. This requires the integration of automated mapping within the wider analysis 
agenda of exploring data, suggesting hypotheses and also lines for further enquiry. 
Mapping is a fundamental element within the scientific visualisation of spatial data. 



3 Current challenges and future directions 

3.1 In GIS 

3.1.1 Representations and data sources 

Despite the limitations and false starts identified in Sect. 2.1, GIS today represents 
a solid basis for spatial data analysis. The basic products of the vendors provide 
a range of techniques for analysis and visualisation in addition to the essential 
housekeeping functions of transformation, projection change and resampling. Ad- 
ditional analysis techniques are often added through extensions written in scripting 
languages, and increasingly in languages such as Visual Basic for Applications, 
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frequently by third parties. Various strategies of coupling are also used to link the 
GIS with more specialised code for specific applications. 

Over time the GIS research community has come to focus greater effort on 
issues of representation - that is, on the fundamental task of representing the real 
geographic world in the binary alphabet of the digital computer. Research has 
focused on the representation of time, which turns out to be far more complex 
than the simple addition of a third (or fourth) dimension to the two (or three) of 
spatial representations. Peuquet (2002) provides an analysis of the philosophical 
and conceptual underpinnings of the problem, and Langran (1992) presents a more 
practical perspective, while Frank et al. (2001) address the issues of reporting zone 
boundaries that shift through time. Other research has focused on the representation 
of objects whose boundaries are uncertain (Burrough and Frank 1996), a common 
issue in environmental data though perhaps less so in social data. 

However, the problem of time is clearly more than a simple issue of represen- 
tation. The entire apparatus of Census data collection has traditionally approached 
time through decennial snapshots, changing reporting zone boundaries in each cycle 
and creating difficult issues for anyone wishing to analyse Census data in longi- 
tudinal series. Not only is there very little available in the way of spatio-temporal 
data, but our analytic apparatus and theoretical frameworks are similarly limited. 
The arrival of large quantities of tracking data in recent years, through the use of 
GPS attached to sample vehicles and individuals, is likely to stimulate renewed 
interest in this neglected area of both GIS and spatial data analysis. 

Other new data sources are becoming available through the deployment of high- 
resolution imaging systems on satellites. It is now possible to obtain panchromatic 
images of the earth’s surface at resolutions finer than 1 m, opening a range of new 
possibilities for the analysis of urban morphology and built form (Liverman et al. 
1998). Web-based tools can be used to search for data, and also to detect and analyse 
references to location in text, creating another new source of data of potential interest 
to social science. Technology is also creating new types of human spatial behaviour, 
as people take advantage of the ability of third-generation cellphones to determine 
exact location, and to modify the information they provide accordingly (Economist 
2003). 



3.1.2 The GIScience research agenda 

Various efforts have been made to identify future directions in GIS, and to out- 
line a corresponding research agenda for GIScience. Until well into the 1990s the 
prevailing view of GIS was as a research assistant, performing tasks that the user 
found too tedious, complex, or time-consuming to perform by hand. As time went 
on, it was assumed that GIS would become increasingly powerful, implementing a 
larger and larger proportion of the known techniques of spatial data analysis. 

The advent of the Web and the popularisation of the Internet provoked a funda- 
mental reconsideration of this view, and greatly enlarged the research agenda at the 
same time. Instead of a personal assistant, GIS in this new context can be seen as a 
medium, a means of communicating what is known about the surface of the earth. 
This is consistent with the earlier discussion in Sect. 2.1.4 about data sharing, but 
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it goes much further and offers a very different view of the future of GIS. In this 
view spatial data analysis is provided by a system of services, some local and some 
remote, some free and some offered for profit. Data similarly may be local, or may 
be resident on some remote server. Location now has many meanings: the location 
that is the subject of the analysis, the location of the user, the location where the 
data is stored, and the location providing the analysis service. 

Perhaps the most extensive and continuous effort to define the research agenda 
of GIScience, and at the same time the future of GIS, has been the one organised 
by the University Consortium for Geographic Information Science (UCGIS). Its 
original ten-point agenda (UCGIS 1996) laid out a series of fundamental research 
topics including advances in spatial data analysis with GIS, extensions to GIS 
representations, and uncertainty. The list has subsequently been extended, and can 
be found at the UCGIS Web site (http://www.ucgis.org). Visualisation has been 
added to the list, as has ontology, interpreted here as the study of the more abstract. 



3.1.3 Continuing methodological issues 

The growth of GIS has led to a massive popularisation of spatial methods, and 
to a much wider appreciation for the value of the older disciplines of geography 
and regional science. The general public now routinely encounters solutions to the 
shortest path problem in the driving directions provided by sites like MapQuest, 
and routinely makes maps of local areas through sites that implement Web-based 
mapping software. GIS is in many ways where spatial data analysis finds societal 
relevance, and where the results of scientific research are converted into policy and 
decisions (Craig et al. 2002). Powerful tools of GIS are now in the hands of hundreds 
of thousands of users; many have had no exposure to the theory behind spatial data 
analysis. As a result it is easy to find instances of misuse and misinterpretation, and 
cases of conflict between GIS use and the principles of science. 

Mention has already been made of the issue of uncertainty. It is easy for system 
designers to express numerical data in double precision, allowing for 14 decimal 
places, and for output from a GIS to be expressed to the same precision. But in reality 
there are almost no instances where anything like 14 decimal places is justified by 
the actual accuracy of the data or calculations. The time-honoured principle that 
results should be presented to a numerical precision determined by their accuracy 
is too easy to ignore, and the fact that results appear from a digital computer all too 
often gives them a false sense of authority. 

Another time-honoured principle in science concerns replicability, and requires 
that results always be reported in sufficient detail to allow someone else to replicate 
them. Yet this principle also runs into conflict with the complexity of many GIS 
analyses, the proprietary nature of much GIS software, and the tedium of writing 
extensive and rigorous documentation. 

In this and other respects GIS lies at the edge of science, in the grey area 
between precise, objective scientific thinking and the vague, subjective world of 
human discourse. It brings enormous potential benefits in its ability to engage 
with the general public and with decision-makers, but at the same time presents 
risks in misuse and misinterpretation. In some domains, such as surveying, the 
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historical response has been professionalism - the licensing of practitioners, and 
other restrictions on practice - but to date efforts to professionalise GIS practice 
have been unsuccessful, in part because the use of GIS in scientific research requires 
openness, rather than restriction. 



3.2 In spatial data analysis 

We will next provide an overview some of the current areas of research interest in 
the methodology of spatial data analysis. We follow this with a discussion of some 
new application-based spatial modelling and the implications of this for the future 
development of spatial data analysis. 

3.2.1 Methodology and technological development 

Certain spatial regression models have dominated the regional science literature 
to date: the regression model with spatially correlated errors, the regression model 
with spatially averaged (or lagged) independent or predictor variables, and the 
regression model with a spatially averaged (or lagged) response variable. Each 
model represents some specific departure from the usual, traditional regression 
model in which relationships between a response and its covariates are defined 
vertically. By “vertical” is meant that the response in the ith area is only a function 
of the level of predictors in i. There is no reason however to assume this vertical 
structure to relationships in the case of spatial data. This is because underlying 
processes do not usually recognise the artificial spatial units (census tracts) in 
terms of which observations have been collected - unlike for example a series of 
separate and independent replications of an experimental situation. The inherent 
continuity of geographic space in relation to the spatial framework used to capture 
that variation and the ways in which processes play out across geographic space has 
led to a strong interest in spatialised versions of the traditional regression model - 
as well as other variants (Raining 2003). 

To illustrate some recent developments consider the following example. The 
regression model with a spatially lagged response variable has been used to model 
outcomes on the assumption that levels of the response variable in one area might be 
a function of levels of the response variable in neighbouring areas (this model has 
been used to analyse competition effects and some types of diffusion and interaction 
processes). Models of this type are illustrated in (2.3) and (2.5). However, this 
approach is problematic for some types of data, especially certain types of count 
data where parameter restrictions prohibit the application of the models to realistic 
situations (Besag 1974). There is a second problem. The parameters of interest (the 
mean in the case of a Gaussian process; the probability of a success in the case 
of a logistic or binomial process; the intensity parameter in the case of a Poisson 
process) are assumed to be unknown but constant. The problem is to obtain the 
best estimate of the parameter and to place confidence intervals on it. (In practice 
it is not the mean or the intensity parameter that is of interest of course, but rather 
the parameters of the regression function, each associated with a covariate.) Why 
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should these parameters be treated as if they were fixed values to be estimated, 
rather than as random quantities? 

In disease modelling the parameter of interest, for any set of areas, is usually the 
underlying relative risks of the incidence, prevalence, or mortality of some specified 
disease. In offence-data modelling the parameter of interest is the underlying area- 
specific relative risk of being the victim of some specified offence (burglary). 

Let Z(i) = 0{i) denote the number of deaths observed in area i during a 
specified period of time of a rare but non-infectious disease. It is assumed that 0{i) 
is obtained from the Poisson distribution with intensity parameter A(i) = E(z)r(i). 
Now E(i) denotes the expected number of deaths from the disease in area i given 
the age and sex composition of the area and r{i) is the positive area-specific relative 
risk of dying from the disease in area i and is the parameter of interest. 

One approach to estimating {r(i)} is to assume they are drawn from a proba- 
bility distribution called, in Bayesian terminology, the prior distribution. Two types 
of random effects models are often considered: one where the random variation of 
the {r(i)} is spatially unstructured, the other where it is spatially structured (Mollie 
1996). 

Consider the case where spatially structured and unstructured random effects 
are included in the model. So suppose: 

log[r(i)] = /i + v{i) + e(i) (3.1) 

where r’(z) is the spatially structured and e(i) is the spatially unstructured random 
variation. The {e(i)} is a Gaussian white-noise process. The {i;(^)} and hence the 
{log[r{i)]} can be assumed to be drawn from a Gaussian Markov random-field 
prior similar to (2.3). For this class of model, “the conditional distribution of the 
relative risk in area i, given values for the relative risks in all other areas j ^ i, 
depends on the relative risk values in the neighbouring areas N{i) of area i. Thus 
in this model relative risks have a locally dependent prior probability structure” 
(Mollie 1996, p. 365). Note that spatial dependence is specified on the parameters 
of interest {log[r(z)]}, not the observed counts {0(i)}, although the latter will 
inherit spatial dependence from their dependence on the {log[r(i)]}. 

A model for pure spatially structured variation of relative risk is provided by the 
intrinsic Gaussian autoregression, a limiting form of a conditional autoregressive 
model (2.3), with a single dispersion parameter n? (Besag et al. 1991). In this model 
if a binary connectivity or interaction matrix (W) is assumed {w{i, j) = 1 if z and 
j are neighbours, 0 otherwise) then: 

E[v{i)\{v{j)},j e Nii),K^]^ w*{i,j)v{j) (3.2) 

Var[v{i)\{v{j)},j £ N{i),K^] = K^/ ^ w{i,j) (3.3) 

where W* denotes the row-standardised form of W. So the conditional expected 
value of the log relative risk of area i is the average of the log relative risks in 
the neighbouring areas. The conditional variance is inversely proportional to the 
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number of neighbouring areas. If we further write: 

log[r(i)] == ii{i) + v{i) + e{i) (3.4) 

/i(i) = /?o + + . . . + (5kXk{i) (3.5) 

then spatial variation in the (log) relative risk is modelled as a function of predictors 
[Xi , X 2 , . . . , Xfc ) as well. Other spatial models can be used to represent the spatially 
structured random effects in the distribution of the {r(i)}. 

The approach that is used for fitting and inference in these models is Markov 
Chain Monte Carlo (MCMC) simulation. MCMC is a class of simulation algorithms 
for obtaining samples from the required posterior distributions of model parameters. 
Large samples are drawn from this posterior distribution and then properties such 
as the posterior mean or mode or quantiles are obtained by Monte Carlo integration 
on the marginal distributions of the parameters of interest. MCMC using the special 
case of the Gibbs, sampler is used in the WinBUGS software. Casella and George 
(1992) provide an introduction to the Gibbs sampler, and Gelman et al. (1995, 
Chapter 1 1) compare the different algorithms. 

It is likely that in the future there will be a broader and richer range of statis- 
tical models through which to represent spatial variation. This will be important. 
The purpose of statistical modelling is to enable researchers to test hypotheses by 
embedding these hypotheses in valid representations of the statistical properties of 
the data. All models, by virtue of the simplifications they introduce, are wrong but 
some models are useful. Poor models do not provide valid tests of hypotheses and 
so are not useful. To date, spatial modellers have only had a very limited class of 
models to work with. As the class of spatial models expands, analysts will be able 
to test hypotheses through models that better represent the underlying variation in 
the data. 

We now consider two areas of technological development that have implications 
for the future conduct of spatial data analysis. First, as the resolution of spatial 
data increases, as a result of improvements in the collection and storage of spatial 
data, opportunities are created for more flexible spatial aggregations and for spatial 
frameworks that are more relevant to the problem under study. But greater spatial 
precision does not automatically mean better statistical precision, and hence better 
representations of some forms of spatial variation through maps (such as relative risk 
rates, unemployment rates, offence rates, environmental parameters). This stems 
from the effects of the small-number problem (when recording data at fine spatial 
scales) and the implications this has for mapping, describing spatial variation, and 
undertaking inference. 

The methodology described above is one of the ways that are increasingly being 
used to provide better maps based on small-area data made possible by advances 
in data collection, whether by sample surveys or census taking. The specification 
of the prior distribution (on the {r{i)} for example) determines how information 
from elsewhere on the map is borrowed for the purpose of strengthening small-area 
estimates of parameters of interest. The more spatially fine-grained the data the 
more important it becomes to find ways to deal with the high levels of stochastic 
variation in the data. This is one of the ways that advances brought about through 
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better, more fine-grained data collection - and through GIS as the medium for data 
storage - raise challenges for the conduct of statistical analysis. 

Second, the e-science vision of science, that includes social and environmental 
science, is of a globally connected community of scholars and their resource needs 
interacting through virtual co-laboratories. One implication of this is the need for an 
information technology to support this where data, users and analysis services are 
spatially distributed (see also 3.1.2). This will include shared access to large com- 
puting resources, large data archives, and data visualisation techniques, and remote 
access to specialised facilities. The spatial analysis implication is not only for the 
development of appropriate numerical and visualisation tools that can handle very 
large data sets, but in addition intelligent support systems to assist the analyst in all 
aspects of data handling and facilitating the extraction of useful information. Spatial 
analysis will move from only dealing with small regions or local scales of analysis 
(or large regions but at a coarser resolution) to larger scales of analysis. This in turn 
draws in problems of severe non-stationarity and complex patterns of association 
that need to be allowed for. In brief, a computationally intensive or demanding 
GIS requires analytical methods to support that scale of analysis. Modelling com- 
plex spatial structures calls for multi-level and multi-textured quantitative spatial 
data analysis. This calls for methods of spatial statistical and spatial mathematical 
modelling and complex forms of simulation that are enabled by improvements in 
computing power. 



3.2.2 Applications and approaches to modelling 

The methods of spatial data analysis have been developed for, and implemented in, 
many different contexts. In early applications spatial models were used to assess 
competition effects, as measured by yield, between plants grown a fixed distance 
apart (Mead 1967; Whittle 1954). Cliff and Ord (1973, 1981) used autocorrelation 
statistics so they could test the fit of Hagerstrand-type spatial diffusion models to 
real data. Haining (1987) used unilateral spatial autoregressions to estimate popula- 
tion and income multipliers for towns organised in a central place system. Anselin 
(1988), in treating the field as a branch of econometrics {spatial econometrics), 
developed a statistical modelling strategy, with software to implement the method- 
ology (Spacestat) that follows the strategy used in certain forms of time-series 
econometric modelling. There are numerous examples of the use of spatial regres- 
sion modelling in a wide variety of fields (Haining 1990, 2003). 

Spatial modelling is undergoing its own shifts of emphasis and bringing with it 
new challenges for spatial data analysis as to how to assess correspondence between 
model output and real data. We illustrate this point with reference to two examples. 

Approaches to understanding regional growth in the 1960s and 1970s focused 
on the role of the export sector. Modelling was based on pre-defined regions be- 
tween which factors of production would move as well as flows of goods. Regional 
econometric and input-output modelling were the analytical structures that imple- 
mented a top-down approach in which inter- and intra-regional relationships were 
specified usually in terms of large numbers of parameters. 
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Economists’ new economic geography is concerned with regional growth and 
with understanding how the operation of the economy at regional scales affects 
national economic performance (Krugman 1995; Porter 1998) and trade (Krugman 
1991). A central feature of Krugman’s modeling is the “tug of war between forces 
that tend to promote geographical concentration and those that tend to oppose 
it - between ‘centripetal’ and ‘centrifugal’ forces” (Krugman 1996). The former 
includes external economies such as access to markets, and natural advantages. The 
latter includes external diseconomies such as congestion and pollution costs, land 
rents, and immobile factors. At the centre of new economic geography models is a 
view of the space economy as a complex, self-organising, adaptive structure. It is 
complex in the sense of large numbers of individual producers and consumers. It 
is self-organising through the invisible hand-of-the-market processes. It is adaptive 
in the sense of consumers and producers responding to changes in tastes, lifestyles 
and technology, for example. The new economic geography is based on increasing 
returns from which spatial structure is an emergent property (Waldrop 1992). Model 
outputs are characterised by bifurcations so that shifts from one spatial structure to 
another can result from smooth shifts in underlying parameters. 

Krugman’s deterministic models appear to share common ground, conceptu- 
ally, with multi-agent models used in urban modelling. In multi-agent models ac- 
tive autonomous agents interact and change location as well as their own attributes. 
Individuals are responding not only to local but also to global or system- wide infor- 
mation. Spatial structure in the distribution of individuals is an emergent property, 
and multi-agent models, unlike those of the regional approach to urban modelling 
developed in the 1970s and 1980s, are not based on pre-defined zones and typically 
use far fewer parameters (Benenson 1998). 

These stochastic models have been used to simulate the residential behaviour 
of individuals in a city. They have evolved from cellular automata modelling ap- 
proaches to urban structure, but describe a dynamic view of human interaction 
patterns and spatial behaviours (Benenson 1998; Xie 1996). In Benenson’s model 
the probability of a household migrating is a function of the local economic tension 
or cognitive dissonance the household experiences at its current location. The prob- 
ability of moving to any vacant house is a function of the new levels of economic 
tension or cognitive dissonance that would be experienced at the new location. 

A point of interest with both multi-agent and cellular automata models is how 
complex structures, and changes to those structures, can arise from quite simple 
spatial processes and sparse parameterisations (Batty 1998; Benenson 1998; Portu- 
gal! et al. 1994; White and Engelen 1994). The inclusion of spatial interaction can 
lead to fundamentally different results on the existence and stability of equilibria 
that echo phase transition behaviour in some physical processes (Follmer 1974; 
Haining 1985). It is the possibility of producing spatial structure in new parsimo- 
nious ways, together with the fact that the introduction of spatial relationships into 
familiar models can yield new and in some cases surprising insights, that underlies 
the current interest in space in certain areas of thematic social science. This interest, 
as Krugman (1996) points out, is underpinned by new areas of mathematics and 
modem computing, that make it possible to analyse these systems. 
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Local-scale interactions between fixed elementary units, whether these are de- 
fined in terms of individuals or small areas, can affect both local and system- wide 
properties. This effect is also demonstrated through certain models of intra-urban 
retailing where pricing at any site responds to pricing strategies at competitive 
neighbours (Haining et al. 1996; Sheppard et al. 1992). Multi-agent modelling 
adds another, system-wide level to the set of interactions, allowing individuals to 
migrate around the space responding to global and local conditions in different 
segments of the space. 

All of these forms of modelling raise questions about how model expectations 
should be compared with observed data for purposes of model validation, so that 
validation is based on more than the degree of visual correspondence with real 
patterns. One aspect involves comparing the spatial structure generated by model 
simulations with observed spatial structures, and this calls directly for methods of 
spatial data analysis. 

In terms of the technology of data acquisition, in terms of the storage and dis- 
play of data using GIS, and in terms of modelling paradigms there is an increasing 
focus on the micro-scale. In terms of the way science is conducted there is an 
increasing focus on interdisciplinarity, collaboration, and communication across 
traditional boundaries. Spatial data analysis will over the coming years be respond- 
ing to changes in this larger picture. 



4 Conclusion 

We began this review with comments about the differences between the world-views 
represented by GIS and spatial data analysis, and with a discussion of their different 
roots. The past 40 years show ample evidence of convergence, as the two fields have 
recognised their essential complementarity. As science moves into a new era of 
technology-based collaboration and cyberinfrastructure, by exploiting tools that are 
becoming increasingly essential to a science concerned with understanding complex 
systems, it is clear that GIS and spatial data analysis need each other. They share 
much the same relationship as exists between the statistical packages and statistics, 
or word processors and writing. It is more difficult to analyse the vast amounts 
of data available to regional scientists, and to test new theories and hypotheses 
without computational infrastructure; and the existence of such infrastructure opens 
possibilities for entirely new kinds of theories and models, and new kinds of data. 

The two perspectives have also done much to stimulate each other’s thinking. 
GIS is richer for the demands of spatial data analysis, and spatial data analysis 
is richer for the focus that GIS has brought to bear upon issues of representation 
and ontology. The whole-map, nomothetic approach to science is giving way to 
a new, place-centred approach in which variations over the earth’s surface are as 
potentially interesting as uniformity. The view of GIS as an intelligent assistant is 
giving way to a new view of GIS as a medium of communication, in which spatial 
data analysis is one of several ways of enhancing the message. 

GIS is in many ways the result of adapting generic technologies to the particular 
needs of spatial data. In that sense its future is assured, since there is no lack of new 
technologies in the pipeline. New technologies have also stimulated new science, as 
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researchers have begun to think about the implications of new data sources, or new 
technology-based activities. These in turn have stimulated new kinds of analytic 
methods, and new hypotheses about the geographic world. The process of stimulus 
and convergence that began in the 1960s with GIS and spatial data analysis is far 
from complete, and the interaction between them is likely to remain interesting and 
productive for many years to come. 
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Abstract. This Presidential Address, delivered on the occasion of the 50th An- 
niversary of the founding of the Regional Science Association, looks ahead to some 
possible future developments in the field of regional science. It contains some pre- 
dictions - both mild and extreme - of new developments. It discusses how the 
global system will become an interregional-regional system, and it traces the need 
for advanced interregional analysis capable of dealing with pressing issues of in- 
ternational aid, development, and terrorism. The issues of synthesizing bottom-up 
and top-down modeling approaches are explored. The paper concludes with some 
thoughts about the application of concepts of electromagnetism to problems in re- 
gional and interregional analysis, calling for the effective fusing of electromagnetic 
and gravity models. 



JEL classification: B20, C50, H56, OlO 

Key words: Regional science, econometric models, international development, 
gravity, electromagnetism 



1 Introduction 



Here we are celebrating our 50th Annual North American Meetings of the Regional 
Science Association International, some 52 years since starting to call ourselves 
regional scientists. In the early years, the notion of regional science as a social 
science field of study was viewed by leading scholars as truly wild, and the idea of 
the use of a gravity model in social science research as unquestionable quackery. 



* North American Regional Science Council Presidential Address, delivered in Philadelphia, Novem- 
ber 21, 2003. 
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But both regional science and the gravity model are with us today ^ Hence, I am 
now inclined to look ahead and speculate on developments in the next 50 or 60 years 
of regional science. First, I will start with some mild predictions, but will end up 
with a few extreme ones. All in this audience will consider the latter ones pure and 
unpolluted quackery, except perhaps a few extremely conservative scholars who, 
on the basis of their past evaluations, know that they are likely to be 100 percent 
wrong. 



2 The urgent need for advanced interregional analysis, 
particularly at the global level 

The first prediction, which some of you have already made, is that the global sys- 
tem will become an interregional-regional system, with individual nations losing 
much sovereignty, and with some becoming even minor players. I envisage the 
emergence of either a much more powerful successor to the United Nations or 
a greatly revised and strengthened United Nations, to determine critical global 
policies and to police lower authorities. These authorities will be elements of an ir- 
regular hierarchical world structure. There will be blocs of major regions including 
and cutting across nations (like the Pacific Regional Science Conference Organi- 
zation - PRSCO - or a Macro-Islamic conglomerate), continental blocs of nations 
(like the current European Union), less aggregate blocs of regions (again cutting 
across weakened nations), blocs of provinces, sets of subregions, clusters of com- 
munities, megalopolises as well as metropolitan regions, relatively obsolete states 
resisting environmental controls, and communities down to villages and hamlets. 
New geopolitical structures will emerge, perhaps Asiatic conglomerates versus non- 
Asiatic. Concomitantly there will emerge many different interregional interactions 
and activities, involving both interregional and regional decision-making and policy 
formation. 

Allow me to spend some time on this point. Recall that before the 1950s there 
was little decent regional analysis. Then emerged location studies, especially re- 
garding location of population and the steel industry - here we considered only 
local factors. There followed input-output, for a long time only regional (my early 
interregional model being considered by the two masters of advanced quantitative 
research, Kuznets and Leontief, and many others as being a pipe-dream). Then 
came linear followed by non-linear and integer programming primarily regional, 
macroeconometrics still today largely regional or national, then industrial complex 

^ Let me note the tremendous advance in economic thinking and computational means that has taken 
place since 1940 when I had entered Harvard for graduate study and started to espouse location theory 
and principles. Then the slide rule was a basic tool for quick estimation of effects of a change; simple 
desk adding machines were available and there was sparingly little use of mathematics. By 1940 Paul 
Samuelson was starting to revolutionize Harvard economics with the use of mathematics. The word 
space was hardly, if ever, used in the few technical journals (the Quarterly Journal of Economics, The 
Journal of Political Economy and the American Economic Review). Leontief had just then been able to 
have his model of input-output published. 

^ However, some proposed concepts are not with us today. Among these are surplex, c-love tendered, 
c-rectitude and c-sanctions (Isard 1969). 
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analysis, almost entirely regional, then urban complex and equivalent analysis and 
much of gravity model use, social accounts analysis, microsimulation, CGE (com- 
putable general equilibrium), and agent-based models. But interregional analysis, 
certainly up to the last decade, has been pretty much an add-on operation to regional 
research. 

Today I firmly predict that interregional analysis will come to be a dominating 
pursuit of regional scientists. As we go increasingly global we will ask the following 
type of questions: 

(1) If a feasibility study of the construction of an integrated steel works is to be 
made for location X, say North Korea, in addition to indicating the costs and 
resulting income at location X, should it not also indicate the costs of operation 
to create competitive output in other regions and the resulting impacts on these 
regions’ steel industries (say, income-generation and employment aspects)? 
That is, should not the study be globally oriented as a desirable possibility 
within a macro-region structure? 

(2) If a set of development projects is undertaken to temper the decline of the 
Upper New York State region, in their proper evaluation should not each of the 
projects (as well as the total set of projects) consider the negative (as well as 
positive) impacts on other regions of the United States as well as of the world? 

Of course, to answer such questions it will be necessary to collect much more 
data across regions of different size and characteristics. Thus, as our research ca- 
pabilities mount, major development of interregional analysis is almost inevitable. 

Let me also point up the fact (fairly obvious) that among social sciences, re- 
gional science has the edge on several counts for conducting such research. First, 
as a social science organization, the Regional Science Association International 
is much more globally integrated than most, if not all, other large social science 
organizations. Initially set up as a North American group, the Regional Science 
Association in the early 1960s embraced on an equal basis all European scientists. 
When major conferences were arranged in Europe, they were open to participation 
of both European and North American scientists, and similarly soon thereafter Euro- 
peans started participating at North American conferences. When regional science 
spread to Japan, the same basis of equal participation for all scholars was main- 
tained. Although travel costs tended to lessen the number of scholars from both 
Europe and North America attending Japanese meetings, this was more than bal- 
anced by the overwhelming encouragement of their attendance and the hospitality 
received by these scholars. When the need for more intense interaction among the 
scientists residing in the several regions bordering the Pacific Ocean emerged, the 
Pacific Regional Science Conference was established with the equal participation 
principle. The only regional science group that has failed to become part of the 
globally integrated regional science activities is the Indian regional science group. 
This has been so because of the unavailability of travel funds for Indian scholars. 

If we now examine the annual meetings of the American Economic Association, 
participation of non- American scholars was absent for most decades of the 20th 
century, if at all achieved to any significant extent. The one social science organiza- 
tion that has grown and developed in cross-continental fashion is the International 
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Geographical Union. But it has a global meeting only once every four years, and 
much more of its activity at these meetings is naturally spent on administrative 
matters for the next four years. 

Regional science has a second edge over other social sciences in pursuing inter- 
regional and related research. This is reflected in the fact that the above named re- 
gional methods are already undergoing modification for encompassing interregional 
analysis. 

A third count on which regional science has the edge is the willingness of its 
scholars to attack desirable and often necessary multidisciplinary research. There 
are in their midst many geographers, and many regional science scholars appreciate 
and look forward to the employment of geographic methods of research. Recall that 
the geographer Wamtz (1959) had been the first non-physical scientist to recognize 
the relevance of the gravity model, and he enthusiastically helped develop this tool 
in conjunction with regional scientists. More recently, Luc Anselin, trained as a 
regional scientist, and others have done pioneering work with geographers in the 
development of GIS (geographic information systems). 

Also in our midst are many urban and regional planners, and there, too, regional 
science has both drawn heavily upon and contributed to the development of city 
and regional planning methods. In our research on urban and metropolitan regions, 
we have in the past drawn on sociology. In fact in the past we have had a number 
of joint sessions at conferences with sociologists, and we have worked with them 
on population problems, in particular, on migration analysis. With respect to polit- 
ical scientists, we have had less interdisciplinary contacts and research. Our joint 
conference sessions in the past have led to few continuing interrelations. However, 
with the emergence of the field of peace science, a very strong group of quantita- 
tive political scientists has developed. Now, fruitful interaction with them is taking 
place, particular on global issues and international problems. This will be crucial 
for our concern and heavy new involvement with interregional analysis basic for 
decision-making and policy formation by political leaders. Also we have brought 
in and exploited methods of engineering, management science and OR (operations 
research), especially with regard to transportation and water and air resource use. 

Let me be more specific and illustrate in one way what the new major thrust in 
interregional research could mean for us. Elsewhere, many others and I have pointed 
out that the new type of warfare in which terrorists engage can be just as effective in 
the spread of violence and insecurity as the massive old-fashioned military mights 
of the U.S.A. and other powers. This situation requires that we look for the several 
causal factors for terrorist activity. One that most all scholars consider as highly 
relevant - at least in combination with others - is the presence of poverty. Now 
regional scientists have made advances in social accounts research and analysis that 
relates to the presence of poverty. Foremost among these scholars have been Erik 
Thorbecke (1998) and Iwan Azis (1998), members of the Cornell regional science 
team. But advanced models, such as CGE or those of lesser sophistication, while 
often concerned with the problem of poverty and more generally income inequalities 
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(often within social accounting analysis) have treated that problem inadequately^. 
Too often they have been forced to use scanty and insufficient accounts data and, 
where it was possible, conducted multiplier analyses in a questionable manner. 
Hence given the current need to eliminate, as much as possible, the poverty that 
strengthens the terrorist movement, we have not been following the approach that is 
most effective to meet this need. What is required is a bottom-up approach, briefly 
described in previous pages of this paper, starting with the poverty-stricken regions 
at the bottom of the income scale - to be combined with a top-down approach to 
be discussed later. 

Now let me be more precise. Start off with a requirements approach, one with 
which I became familiar when Soviet scholars participated in the early European re- 
gional science conferences. Set down a poverty-eliminating set of social accounts, 
or what Leontief would call a poverty-eliminating bill of goods. It must be one 
that reflects or is consistent with cultural factors that we have short-changed in 
our analysis in the past. See for example the set of accounts in Figure 1. They 
are nonmonetary items that before the famine years of the 1990s the North Ko- 
rean government considered as essential for living by its ordinary (agricultural) 
population^. 

For an n-commodity world we designate goods 1 , . . . , m as those that are directly 
required (essential) for consumption. Let the vector elements /^, i — 1, ..., n, refer 
to final demands for all goods. For poverty elimination, we require /i , to be 
positive. The partial vector elements fm+i, fm-^ 2 , can be zero. That is, the 
input-output structure required for poverty -elimination only is 



Xi - aiiXi - ai2X2 - ... - ainXn = fl 
X2 - a2lXi - 022X2 ~ ... ~ tt2n^n = /2 



Xm ^m\X\ ^m2^2 ••• (^mnXji Jm 

Xm-Vl ^m+1,1^1 ^m+1,2^2 ••• ^m+l,n^n ~ 0 

Xm-\-2 ^771+2,1^1 ^m+2,2^2 ^m+2,n^n — 0 



Xn ^nlX\ ^n2^2 ••• ^nn^n — 0 



^ At times we have combined advanced research approaches with elements of gravity model (con- 
strained and doubly constrained), microsimulation, geographic information systems (GIS) and agent- 
based models, and with game theoretic analysis and the Analytic Hierarchy Process (AHP) of Saaty 
(1989, 1996) for regional conflict analysis. But the treatment of the problem has remained inadequate. 

In this Figure grain requirement per worker ranged from 900 g per day for heavy workers in 
dangerous occupations down to 100 g per day for infants less than one year old. The average over all 
persons is taken to be 400 g. 
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grain 

soy source 
bean paste 
cooking oil 
fish 

pork or chicken 
salt 

cabbage and radish 
one working clothes 
underwear 
socks 

one housing unit 
medical care 



400 grams daily 
1 liter monthly 
500 grams monthly 
400 grams monthly 
1 kilogram monthly 
1 .5 kilograms yearly 
3 kilograms yearly 
65 kilograms yearly 
per year 

3 per year 

4 per year 
per family 



L education (compulsory for 11 years) 



Workers’ House (Standard, provided by government) 



a 










2.5 m 
(2 yard 2 f 

u 


ROOM 

window door 


ROOM 


O 

O 




door 

window 


KITCHEN 

door 



◄ ^ 

9 m (10 yards) 



Source: North Korean government documents; Summary of North Korea, 
Ministry of Unification, Seoul (2000, 2003); witness of defectors, and esti- 
mates by Paul Hun 

Fig. 1. The basic bill of goods, fi (poverty elimination final demand). North Korea 

As of the 1980s, the government supports an operation charge, a medical fee, 
medicine for outpatient care, food expenses for inpatient care, a medical treatment fee, 
a vaccination fee, a remedial material fee, and a dental fee {North Korea Government 
Yearbook, Pyungyang, 1982). People pay health insurance monthly; it is one-percent of 
their income. Source: Summary of North Korea, Ministry of Unification, Seoul, 2000. 

As of 1980s: pre-school for one year, elementary school for four years, and middle 
school for six years. No tuition is collected, but texts and education materials are 
charged. 



That is, the above structure can be said to apply to an economic system where there 
is final consumption of the first m goods (those needed to eliminate poverty) and 
no final consumption of other goods m + 1, n. The latter goods are required 
only as inputs for production (that is, as technical production inputs). This bill of 
goods could characterize an economic system where no household consumed more 
than what would be required for poverty elimination only, and where resources and 
other economic activities were present to provide the necessary indirect production 
outputs. The above structure might roughly characterize the economic system of a 
primitive, isolated tribe. 

But in the real world, there are households with consumption vectors greater 
than the above poverty-elimination vectors. So for that system we might add to the 
right side ofthe equation a column vector: g(gi,Q 2 , ■■■,9m,9m+i,9m+2, -,9n) for 
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families not in poverty. For the moment, however, let us stay with the above set of 
equations, and set aside any consideration of the great diversity of poverty-stricken 
regions and their needs. 

Typically, in a global world that we forecast, there will be imports and exports. 
Also, some of the imports would be items that might supplement some of the unused 
resources (say, iron ore) so that new production activities (say, iron-ore mining) can 
occur; and via ore export lead to foreign currency acquisition to support imports 
of commodities otherwise not available. Here, however, we do not have time to 
discuss the standard questions of balancing imports and exports and related financial 
arrangements. 

However, at this point complications enter. Our insistence on interregional anal- 
ysis requires that a bottoms-up Social Accounts analysis makes it necessary to con- 
sider the effect that a program for eliminating poverty of a given region has on other 
poverty-stricken regions. For example, a program to eliminate poverty currently in 
North Korea might call for major exports of its iron ore, of which it has a huge 
deposit. The feasibility of such a program would require research on the effects 
of such on other ore-producing regions of the world, especially if some are also 
ore-exporting. Such research would require substantial data acquisition since the f 
vector will definitely vary, region by region. One possible intervening step in this 
direction might be to consider a hypothetical world of two regions, i and j, where 
i is the poverty region we are currently considering and j is the Rest of the World 
(ROW). For the moment, however, suppose there is no or little competition with 
ore-producing regions elsewhere; or, suppose there is concomitant exhaustion of 
iron ore deposits elsewhere so that negative effects on other ore-producing regions 
do not occur. Or, suppose for the moment that a globalized authority might be able 
to arrange an agreement that makes the negative effect on other regions to be minis- 
cule. North Korea could then use the revenue from export sales of ore to purchase 
imports of grain and other essential commodities in short supply. 

However, the problem for North Korea may not be solved were ore sales in- 
sufficient to pay for needed imports, say of grain. The next proposal that might be 
considered would be to construct an integrated iron and steel facility based on its 
ore deposits to earn even more revenue from export sales^. 

At this point the negative effects on other steel-producing regions would be 
large and clearly discernible. There would be resistance within the global bloc of 
nations, say by the United States, Japan, some European countries, and elsewhere 
- resistance stemming from claims that serious unemployment would result in 
regions like West Virginia, Pennsylvania, some old steel locations in Europe, and 
elsewhere. It would even be claimed that new poverty pockets would be created. 
All this would then require interregional study via widespread comparative cost 
analysis over affected regions, poverty or not. 

For the moment, let us set aside the needed reconciliation, if any, that might be 
required and look at other aspects of competition. Once this particular competitive 

^ Using comparative cost analysis, it has been concluded that a steel plant in North Korea could out- 
compete South Korean steel enterprises for sharing markets in Japan. See Table 1. And North Korea’s 
plant could also out-compete other steel producers serving western U.S.A. markets. See Isard (1998, 
p.l9)and Lee (1997). 
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Table 1. Comparative costs per ton of steel (1994) for selected locations in North and South Korea with 
respect to South Korean and Japanese markets 







Production site 






North Korea 
(Chongjin) 


South Korea 
(Kunsan) 


South Korea 
(Kwangyang) 


Ore 


51 


49 


49 


Coal 


39 


37 


37 


Scrap 


53 


50 


48 


Labor 


35 


80 


80 


Environment costs in excess 
of Chongjin’s 


0 




+ + + 


Total production cost 


178 


216++ 


214-h + + 


Transport cost to 
South Korean market 


23 


5 


5 


Locationally sensitive costs 
re: South Korean market 


201 


221-h+ 


219-h + + 


Transport cost to 
Japanese market 


28 


28 


28 
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problem might be resolved, a next investigative step in our future more advanced 
research might be to consider a first-round interregional input-output calculation 
to check on any further negative complications and needed adjustments, and then 
a second round to check for new inconsistencies that might emerge, succeeded 
by a third round, etc. Even more, interregional analysis on industrial complex 
development, involving, for example, steel-fabricating facilities, might be explored 
for North Korea and other poverty regions, and even programming (linear, nonlinear, 
integer) and so on up the ladder of regional science methods. Ultimately, perhaps 
one or two decades from now, interregional CGE or AIGE (applied interregional 
general equilibrium) analysis might be employable. This would then be a truly 
bottom-up approach. But clearly by that time, and even before in most poverty- 
region situations, proposed developments would be curbed. For example, in the 
case of North Korea the proposal for steel production would likely be eliminated 
by a Global Bloc of nations on which North Korea might depend for assistance in 
obtaining investment funds. Hence, North Korea and other poverty regions, whose 
best directions for economic development are forced to be set aside because of their 
unacceptability to powerful nations in the Global Bloc, must look elsewhere for 
economic opportunities. In the case of North Korea, one such opportunity would be 
extensive development of touristic-hotel-recreational activities at its Mt. Kumgang 
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area, the most outstanding touristic site on the Korean peninsula^ But then such 
would have negative impacts on Egyptian and other touristic-hotel developments 
that would propel some regions into poverty, or seriously hurt others on their way 
to realize elimination of poverty. Or, in the case of North Korea and many other 
poverty-stricken regions that have cheap labor, developments based on such labor 
might be highly obstructed by powerful nations in the Global Bloc. These nations 
may be sensitive to the negative impact upon their old established textile and other 
activities, which interregional comparative cost, input-output, industrial complex 
and programming would establish as inefficient. 

At this point it becomes desirable to bring in another basic type of interregional 
analysis - namely, basic interregional top-down analysis. Clearly the implementa- 
tion of a partial or full bottom-up analysis, starting with social accounts studies for 
at least poverty-stricken regions, requires a preliminary estimate of the provision of 
AID (Aid for International Development) from all global sources. This AID might 
be made by a Global Bloc of relatively wealthy nations. Each of these nations would 
be concerned with the security (as well as other objectives), but also alert to the 
epidemic spread of terrorism from nation to nation. 

Here, let us consider a very crude relationship that defines total AID required 
as 



h h 

where h — 1, 2, ..., /i represents relevant poverty-stricken regions, where = 
current vector of needs of poverty region /i, and Rh represents for region h: (1) 
the current amount of these needs met directly by production, (2) imports made 
possible through export revenues, and (3) unused resources currently available for 

^ Still another possible development for North Korea might involve change in agricultural practice, 
in particular to switch from production of grains to that of high-priced food products (perhaps less land 
intensive) for the South Korean market, causing, however, competition with Chinese producers. 

^ As an aside, let me consider again the region of Upper New York State to illustrate some complexity 
that this critical interregional problem may meet. This region has unemployment and decline problems. 
It is not a poverty-stricken region. Should existing industry in it be encouraged to migrate to a poverty- 
stricken region with much cheaper labor and transport cost advantages? This has recently been the case 
when the Carrier Corporation (a mainstay for the Syracuse region) recently decided to relocate some of 
its old established operations to Asian locations. That industry migration might contribute to a negative 
impact on terrorism that most people would agree to be a beneficial effect for New York State as a whole. 
To offset this migration should there be efforts to relocate some industries from the New York City area 
to Upper New York State where these industries can operate just as? This would be a positive effect 
for the New York City area by reducing the extent of its vulnerability - i.e., the deaths, casualties, etc., 
given the best estimates of the likelihood of another September 1 1 attack on New York City. Moreover, 
would this relocation be conceived as partially offset by the new jobs New York City area has gained as 
a result of new national security measures? 

Further, should there be continued development of tourism in Upper New York State if it comes at 
the expense of comparable development in poverty-stricken regions? Is this kind of development for 
Upper New York of only temporary (short-run) significance because sooner or later the much greater 
opportunities for touristic development in many other areas of the world would only lead to the dis- 
appearance of the associated new employment? In making these statements, I am fully aware of the 
myopic approach of political leaders and their resistance to measures that promise only longer-run relief 
and fail at short-run relief. 
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the further meeting of these needs through local production and imports based on 
export revenues. 

The total estimated AID must then be obtained via the assignment AID^ to 
each nation k in the Global Bloc, k = 1,2, where AID/c = AID, the 
total AID package. At first flush, the assignments AIDjt might be associated with a 
macroeconometric model for each nation. However, because of the spread effect, 
the resultant security level achieved by each nation k is dependent not only on its 
AIDfc, but also the outlays for security of every other nation. Hence, that nation’s 
welfare is a function of the total AID (= AIDfe). 

Having in mind the major impact in the 1950s of the classic Klein (1950) 
interwar “policy” macroeconometric model, I anticipate a similar breakthrough on 
a Global macroeconometric model, I envision that if movement in that direction is 
not already underway, perhaps with respect to European Union deliberations^, such 
a model would treat the total AID package and simultaneously the assignment of 
AIDfe to be provided by each member of the Global Bloc. Of course, the initial set 
of assignments of the model would raise heated policy and other problems among 
the k nations, similar but at a more complex level to some of the problems raised 
by the initial run of the 1950 Klein model. But in time these should be effectively 
tackled. Once tackled, each bloc member could proceed with its own policy model. 
In its model, there would be consideration of government expenditures on each of 
the nation’s diverse set of programs, with security near or at the top, such as: 

Security 

Employment and Economic Stability 

Education 

Health and Medical 

Environment 

Housing 

From the operation of the macroeconometric model of each nation k, there 
would likely result an assignment of revenue to a security program and level of 
expenditures (taking into account k's capability and willingness) that would be 
consistent with its other programs, but be an assignment of revenue below the 
AIDfc resulting from the initial operation of the global macroeconometric model. 
Such inconsistency and related problems would need to be ironed out. Very likely, 
there would result one or more reruns of the assignments AlDk among the bloc 
nations with one or more rounds of deliberations within each rerun. Most probably, 
there would be decrease in the total AID AIDjt). 

After the sequence of reruns and deliberations was completed the implication 
of any such decrease in the total AID and resulting assignments would need to be 
examined. This would require a top-down series of steps using models already noted 
and perhaps new ones, going downward to the bottom structure of poverty-stricken 
regions. Such examination would undoubtedly lead to a lowering of the number of 

^ While recent initial work on global models (CGE and econometric) in connection with European 
Union developments and problems is to be applauded (Breuss 1999; Breuss et al. 2003; Palankai 2003; 
Fischer and Nijkamp 1999; Oxford Economic Forecasting 2000; Baldwin and Brunneti 2001; and 
others), immense additional research is required. 
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poverty-stricken regions that would be provided aid and other assistance, as well 
as a diminution of AID^ for some i that only partially eliminates poverty in them. 
Subsequently there would need to be a new series of further analyses to derive from 
the new total AID package a more relevant expectation of the impact (implications) 
for terrorism via the several affected new AID^ assignments. Probably, it would 
then be desirable to conduct a new series of bottom-up models to achieve a more 
desirable impact upon terrorism. This in turn would lead up to another set of top 
level deliberations and reruns to specify another (more desirable) top-down impact 
on the bottom structure of poverty regions, their social accounts, and then another 
expected impact on terrorism. 

The bottom-up/top-down research procedure could continue for more sets of 
runs and reruns of the global and national macroeconometric and other models of the 
involved parties, and undoubtedly this would result in more and more restrictions 
on possible programs of the poverty-stricken regions. 

All this would clearly involve two or three decades of advanced interregional 
research^, and perhaps even another 50 years - at which time we will be celebrating 
our 100 th anniversary. 



3 The need for a fused gravity-electromagnetism model 

Now, allow me abruptly to shift to another unrelated topic - and in particular to a 
truly wild idea. Given the success of past wild ideas, e.g., the fruitfulness of the 
gravity model for social science research and the notions of a field of Regional 
Science and one of Peace Science, let me expound on electromagnetism - a set of 
forces useful for developing parallels in regional, interregional and in general in 
social science research. I first discussed this wild idea in connection with airport 
development (Isard 1999). Subsequently in a chapter of a book in honor of Benjamin 
H. Stevens (Isard 2001) I found it useful in combination with the gravity model to 
enhance our understanding of mall development. Now, its relevance for research on 
the decline and changing importance of central cities and other clusters of activities 
is also emerging. Let me be specific. 

In electromagnetism there is an ionic bonding force. This is an electrostatic 
force that exists between particles of opposite charge. For example, when a sodium 
ion of positive charge is brought into contact with a chlorine ion of negative charge, 
a violent reaction takes place yielding the well-known product NaCl (table salt). 
This corresponds to the purchase by a consumer of complementary goods, e.g., 
bread and butter in the same shop (a one-trip activity) rather than in two shops (a 
two-trip, more costly activity). 

A second major kind of bonding, generally less strong, is covalent bonding. 
It involves the sharing of electrons between two atoms. This kind of bonding is 
found in the formation of NH 3 (ammonia). There the nitrogen (N) atom needs 
three electrons to complete its outermost shell^®. The hydrogen (H) atom needs 

^ Such would also exploit fresh thinking along the lines of past Big models, such as Globus (Bremer 
1987), the Club of Rome model (Meadow 1972) and PSIG - Peace Science Integrated Model (Isard 
1990). 

The nitrogen atom has seven electrons, two in its first shell and five in its outer shell. 
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only one electron to complete its one and only shell. If the nitrogen atom can share 
one of its electrons in its outer shell with each one of three hydrogen atoms, it will 
come to possess eight electrons to complete its outer orbit; at the same time, by 
sharing one electron with each one of three hydrogen atoms, each hydrogen atom 
can have two electrons in its one orbit to complete it. 

Now, the localization economies of regional science (one type of spatial jux- 
taposition economies) may be viewed as a parallel to covalent bonding. These 
economies occur when, say (1) three textile plants locate adjacent to each other to 
share the services of a single nearby equipment-repair facility, which services are 
required by each textile operation for only part of a year on average, and (2) at the 
same time a repair facility locates close to the three textile mills in order to be more 
fully employed for a year (see Hoover 1971, and Isard 1956, 1998). Any other ar- 
rangement would be much less efficient^ ^ Similarly, such economies characterize 
fast food shops in a major airport where spatial juxtaposition allows them to share 
directly or indirectly a common eating area. Typically, such localization reflects a 
lower unit cost for a shop in providing a good or service, and lower unit costs (both 
in dollars and time) for a consumer in purchasing (or shopping) - savings that may 
be realized at different degrees by the participants involved. 

The above pertains to a structure of covalence bonding that relates to a single 
bond between a pair of electrons. Other situations may involve double bonding and 
triple bonding, as between two nitrogen atoms (designated, respectively, N — N 
and N = N). There the distance between the two atoms decreases with the num- 
ber of bonds and accordingly their binding strength (binding dissociation energy) 
increases. Thus, one may be inclined to suggest that the parallel in economics and 
regional science is scale economies (in the presence of other economies), where de- 
creasing unit costs with increase in scale of production strengthens the competitive 
position of a firm. 

At this point it is not necessary to dwell at length on the many other parallels 
in regional science with respect to both concepts and phenomena in electromag- 
netism. There are: (1) polar covariant bonds, (2) ion-dipole forces, (3) dipole-dipole 
forces, (4) the London dispersion force, and (5) hydrogen bonding (all intermolec- 
ular forces). Also, there exist different kinds of polymerization and copolymeriza- 
tion processes, all depicting different kinds of aggregations for which there exist 
parallels in regional science and economics with respect to different kinds of ag- 
glomeration and spatial juxtaposition economies (Isard 1999, 2001). 



4 Conclusion 

I now wish to bring this paper to a close. I have pointed up the need to overcome 
poverty in poverty-stricken regions to lead to at least partial elimination of terrorist 

* ^ Localization economies also result when like units in the garment trades locate adjacent to each 
other in order to: (1) meet the desire of a purchasing agent to lower time and other costs by being able to 
compare efficiently the outputs of the several garment-producing firms, and at the same time, (2) increase 
the probability that each firm’s garments will be examined by a potential purchasing agent (which might 
not be the case if the firm were far from the garment-trade agglomeration). See (Lichtenberg 1960) and 
(Hoover 1971). 
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activity. Behind this need, however, is the widespread research task of developing 
much more extensively our relatively small beginnings at interregional analysis. 
I have spelled out, more specifically than I have ever done before, the need to 
synthesize bottom-up with top-down analysis. In the past, the bottom-up approach 
has been somewhat more fully developed than the top-down. More importantly, the 
task of developing a proper global macroeconometric or substitute grand top-type 
model is a tremendous one. However, the synthesis of bottom-up and top-down sets 
of models is an even greater challenge. It would be highly significant for attacking 
problems with worldwide consequences and with consequences for all levels of 
regions, down to local areas. The problem could be concerned with resource use, 
environmental preservation and others as well as control and elimination of poverty 
and terrorist activity. Several decades of basic research, coupled with extensive data 
collections will be required. For attacking such tasks, among the social sciences, 
regional science has the edge. 

In keeping with the tradition of careful examination of wild ideas in regional 
science, I have also put forth one such idea, namely, the fusion of gravity and elec- 
tromagnetic forces. This fusion should greatly enrich our current use of gravitation 
forces alone and our use of the broad categories of spatial juxtaposition and ag- 
glomeration economies. I foresee with almost absolute certainty that a bright young 
regional scientist not already enamoured with the further development of optimiza- 
tion and other existing techniques, and particularly with general equilibrium models 
(which I now consider to represent a misdirection when not combined with non- 
equilibrium models), will come forth with a fused gravity-electromagnetic model. 
This would be useful for not only mall development but also for the analysis of the 
decline and changing structure of central cities. 

Going even further, I have been aware in the last decade of the attempts of 
theoretical physicists to develop a general theory incorporating the four basic forces : 
strong, weak, electromagnetic, and gravity. Thus far, they have developed a general 
theory for three of these forces - namely, strong, weak, and electromagnetic. They 
have been struggling (as did Einstein in his last years) with the elusive problem of 
incorporating gravity in that or a different general theory. Would it not be great if 
our creative young regional scientist was able to effectively (theoretically) fuse the 
electromagnetic and gravity models and thereby provide some insight on how such 
a fused model can then be effectively brought into a four-force general theory for 
physics. 
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